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PEEFACE 

In  a  systematic  course  of  chemical  study  the  analytical  branch 
of  the  science  is  given  a  sharply-defined  position.  The  student 
learns  from  general,  so-called  inorganic,  chemistry,  the  nature 
of  chemical  phenomena,  the  properties  of  the  elements  and 
their  compounds,  and  the  regularities  and  laws  by  wliich  their 
interaction  is  governed.  To  fit  himself  for  a  deeper  and  inde- 
pendent occupation  with  the  science  he  must  learn  how  to 
value  the  facts  acquired  in  his  study  of  general  chemistry ;  the 
methods  of  experiment  upon  which  chemistry,  as  an  experi- 
mental science,  is  based,  must  be  understood ;  and  the  ability 
to  think  chemically,  i.e.,  to  draw  logical  conclusions  from 
observed  phenomena,  must  be  attained.  Analytical  chemistrj', 
in  thoroughly  illustrating  the  important  phenomena  which 
enable  the  qualitative  detection  and  quantitative  estimation  of 
the  elements  in  any  of  their  almost  innumerable  compounds,  is 
a  great  aid  in  reaching  this  point.  After  its  methods  have 
been  acquired,  the  student  can  turn  to  organic,  and  finally  to 
physical  chemistry,  and  terminate  his  systematic  study  of  the 
science  with  that  of  the  latter  branch. 

It  must  be  remarked  that  analytical  chemistry,  instead  of 
being  assigned  the  above  position  among  the  various  branches 
of  the  science,  is  often  commenced  at  the  same  time  as  general 
chemistry.  In  view  of  the  end  for  which  it  is  pursued,  however, 
its  study  demands  that  the  student  be  as  self-reliant  in  his 
work  as  possible.  The  practical  analytical  operations  can  in  no 
other  way  attain  their  proper  importance  as  a  means  of  in- 
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struction,  or  assume  their  proper  value.  The  student  cannot 
rightly  turn  to  analytical  chemistry  until  he  has  obtained  a 
thorough  preparation  in  the  general  science;  and  his  know- 
ledge of  the  latter  is  measured,  not  by  the  number  of  single 
and  isolated  facts  with  which  he  is  familiar,  but  by  the  clear- 
ness with  which  he  understands  the  fundamental  chemical 
phenomena  and  theories.  For  these  reasons  I  strongly  advise 
the  beginner  not  to  devote  himself  too  quickly  to  analytical 
chemistry,  and  my  advice  is  justified  by  the  character  which 
its  study  must  assume  if  it  is  to  be  of  value. 

If  the  above  conclusions  are  correct,  the  practice  of 
chemical  analysis  must  be  pursued  in  the  same  way  as  purely 
scientific  investigations.  The  chemist  proves  the  correctness 
of  an  induction  in  the  latter  by  means  of  suitable  experiment, 
in  obtaining  the  best  possible  conditions  for  which  he  must  be 
governed  by  analogy.  The  same  method  of  procedure  should 
be  adopted  by  the  analytical  student,  in  continually  proposing 
questions  to  himself  and  answering  them  by  means  of  properly 
selected  experiments.  In  analytical  chemistry  the  formation 
of  such  questions,  and  the  methods  by  which  they  are  experi- 
mentaUy  solved,  are  presented  in  clear  and  definite  form.  This 
method  of  studying  is  so  important  in  its  bearing  upon  the 
chemical  training,  that  it  will  be  well  to  show  how  to  apply  it 
in  the  daily  analytical  work  of  the  laboratory. 

The  elements,  in  accordance  with  their  chemical  properties, 
are  divided  in  this  book  into  the  customary  two  classes,  metals 
and  metalloids — a  classification  which  is  most  advantageous  for 
our  purpose.  In  studying  the  methods  for  detecting  the 
metals  the  student  is  at  first  confronted  only  by  the  simplest 
questions,  and  the  passage  to  more  complicated  cases  is  gradual. 
For  this  reason  the  laboratory  work  is  preceded  by  the  study 
of  the  properties  of  the  metals  and  their  compounds.  The 
questions  put  to  the  student  he  must  work  out  independently, 
by  the  intelligent  employment  of  such  characteristics  of  the 
metallic  compounds  as  are  suitable  for  the  purpose.     In  study- 
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ing  the  methods  for  the  detection  of  the  metalloids,  the  opposite 
course  is  taken.  The  student  first  meets  complicated  questions, 
and  learns  only  subsequently  how  to  simplify  them  and  to 
finally  arrive  at  their  solution. 

The  metals  are  divided  into  groups  according  to  the  pro- 
perties and  certain  methods  of  formation  of  their  sulphides. 
The  explanation  of  the  methods  for  detecting  each  metal  is 
preceded  by  that  of  the  properties  of  such  of  its  compounds  as 
are  important  in  analysis.  A  thorough  acquaintance  witli 
the  latter,  as  well  as  their  intelligent  use  in  solving  the  prob- 
lems of  analysis,  is  of  the  greatest  importance.  Consistently  with 
the  character  of  the  questions  which  arise  in  the  detection  of 
the  metals,  the  properties  of  the  important  compounds  of  any 
metal  must  be  studied  not  only  alone,  but  also  in  comparison 
with  those  of  the  corresponding  compounds  of  other  metals  of 
the  same  group.  The  consideration  of  the  properties  of  each 
element  is  accordingly  arranged  in  a  separate  chapter,  under 
the  title  "  Special  Reactions."  In  the  "  General  Reactions,"  on 
the  contrary,  the  corresponding  compounds  of  all  the  metals  of 
a  group  are  studied,  and  the  conditions  necessary  for  the  separa- 
tion of  one  group  from  another  deduced..  The  general  reactions 
are  placed  before  the  special — an  arrangement  necessitated  by 
the  fact  that,  in  addition  to  the  analogous  compounds  of  the  metals 
of  each  group,  the  discussion  on  the  general  reactions  includes 
that  of  practical  methods  employed  for  the  separation  and 
detection  of  many  of  the  metals,  and  also  the  theoretical  de- 
monstration of  important  reactions.  The  "  Special  Reactions  " 
include  those  which  are  necessary  for  the  detection  of  the 
respective  single  metals.  The  rare  metals  are  not  included  in 
the  general  scheme  of  exposition,  but  have  been  given  a  place  in 
the  supplements  of  the  proper  groups.  Our  knowledge  con- 
cerning these  rare  metals  is  so  incomplete,  that  their  practical 
study  in  the  laboratory  afifords  the  student  but  little  ad- 
vantage. 

The  separation  of  groups  is  explained  in  the  same  way  as 
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that  of  single  elements  from  one  another.  The  pro2)erties 
of  analogous  compounds,  and  the  analogous  reactions  of  the 
metals  of  the  different  groups,  are  discussed,  and  the  best  means 
of  separation  logically  derived  by  their  combination.  This  is 
the  most  difficult  problem  presented  to  the  student  in  studying 
the  metals. 

On  passing  to  the  metalloids,  he  will  find  this  method 
reversed.  The  special  reactions  of  these  elements  and  their 
compounds  are  first  considered,  and  the  complicated  methods 
for  detecting  them  when  occurring  together  taken  up  only  when 
the  study  of  their  individual  reactions  has  been  finished. 

These  general  statements  concerning  the  course  to  be  pur- 
sued in  the  study  of  qualitative  analysis  can  also  be  applied  to 
that  of  quantitative,  the  methods  of  separation  and  determination 
used  in  the  latter  being  likewise  deduced  from  the  properties  of 
the  compounds  which  have  the  most  analytical  importance. 
It  may  here  be  remarked  that  the  qualitative  methods  of 
separation,  which  are  usually  based  upon  the  same  reactions  as 
the  quantitative,  also  require  from  the  student  the  greatest 
degree  of  care  and  precision. 

Although  the  method  of  exposition  which  I  have  adopted 
in  this  book  has  been  extended  to  the  discussion  of  quantitative, 
as  well  as  of  qualitative  analysis,  the  beginner  must  at  first 
confine  himself  strictly  to  the  latter.  His  first  object  is  to 
make  himself  familiar  with  the  simplest  experimental  methods 
of  chemical  investigation,  and,  furthermore,  to  learn  how  to 
answer  clearly  and  rightly  the  questions  which  arise  in  his 
work ;  and  for  this  purpose  qualitative  analysis  is  much  the 
more  important  of  the  two.  When  its  methods  have  become 
thoroughly  familiar  to  him  he  may  pass  to  quantitative 
analysis,  in  which  he  will  find  the  same  principles  used,  and 
there  accustom  his  hand  to  accurate  work. 
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PART   FIRST 
QUALITATIVE  ANALYSIS 

INTBODUOTION 

§  1.  Object  of  Analjrtical  Chemistry. — Analytical  chemistry 
is  the  study  of  the  methods  of  determining  the  nature  and 
quantitative  relations  of  the  constituents  in  chemical  com- 
pounds (artificial  or  natural)  and  their  derivatives.  It  divides, 
according  to  the  character  of  the  problems  presented,  into 
qualitative  and  quantitative  analyses ;  the  former  determining 
the  nature,  the  latter  the  amount  of  the  element  or  elements 
ill  a  substance.  The  analytical  methods  are  based  upon  the 
properties  of  the  elements  and  certain  of  their  compounds,  and 
upon  the  behaviour  of  the  compounds  of  different  elements  to 
each  other.  This  being  so,  and  as  analytical  chemistry  simply 
teaches  which  properties  are  to  be  employed,  it  is  inseparably 
coimected  with  general  chemistry,  and  is  in  fact  a  subdi\'ision 
of  the  latter.  The  distinction  between  quantitative  and 
qualitative  analyses  is  also  more  or  less  one  of  convenience, 
as  is  obvious  when  we  consider  that  the  study  of  the  properties 
of  chemical  compounds  yields  the  methods  employed  in  both. 
The  beginner  should  first  turn  his  attention  to  qualitative 
analysis  alone,  as  the  manifold  conditions  upon  which  quanti- 
tative estimations  depend  can  be  much  better  understood  after 
the  other  branch  has  been  mastered. 

§  2.  Reactions. — When  elements  or  their  compoimds  are 
brought  into  interaction  a  Reaction  is  said  to  take  place. 
Reactions  occur  between  substances  in  solution  (in  water  or 
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other  liquids),  or  which  melt  when  subjected  to  a  high  tem- 
perature. The  latter  class  of  reactions  is  called  "  Analysis  in 
the  dry  way,"  in  distinction  to  "  Analysis  in  the  wet  way,"  a 
term  which  is  sometimes  used  to  designate  reactions  which  take 
place  between  substances  in  solution.  In  the  usual  course  of 
analysis  both  kinds  are  used.  Those  which  are  employed  in 
qualitative  work  must  have  easily  distinguishable  character- 
istics; for  example,  the  formation  of  insoluble  bodies  from 
soluble  ones,  i.e.,  the  formation  of  a  precipitate ;  the  solution 
and  consequent  disappearance  of  a  precipitate ;  the  escape  of 
gases  or  vapours,  which  may  sometimes  be  coloured,  or  possess 
odour ;  the  colouring  of  a  solution,  or  the  disappearance  of  its 
colour,  etc.  The  substances  which  bring  about  these  changes 
or  reactions  are  called  "  Eeagents."  A  reagent  which  causes 
an  especially  marked  change,  such  as  the  above,  is  called  a 
cfiaraderistic  reagent;  the  change  involved,  a  characteristic  re- 
action. Starch -paste,  for  instance,  is  a  characteristic  reagent 
for  iodine,  being  turned  in  its  presence  to  a  dark  blue  liquid ; 
the  reaction  between  these  two  substances  is  a  characteristic 
reaction.  If  but  a  very  small  quantity  of  the  substance  need 
be  present  to  show  the  reaction,  the  latter  is  called  delicate ; 
and  the  reagent  a  delicate  reagent.  Starch-paste  is  a  delicate 
reagent  for  iodine,  since  even  a  minimal  quantity  of  one  or 
the  other  will  cause  the  blue  coloration.  This  relation  between 
the  two  classes  of  reactions  is  not  universal,  however,  for  the 
characteristic  reagents  are  often  not  the  most  delicate,  and  the 
latter  may  not  be  characteristic.  As  the  reagents  and  reactions 
must  satisfy  one  or  both  of  these  conditions,  only  a  few  of  the 
great  number  of  chemical  compounds  known  can  be  used  to 
characterise  the  various  elements. 

Conditions  of  Reaction. — ^The  reciprocal  action  between 
chemical  compounds  is  dependent  upon  many  conditions.  A 
reaction  proceeding  in  a  certain  direction  at  a  given  tempera- 
ture may  take  a  very  dififerent  course  at  another ;  the  influence 
of  a  third  body  may  often  modify,  or  even  entirely  suppress  it, 
etc.  Every  reaction  therefore  depends  upon  definUe  conditioTis, 
and  the  normal  conditions^  under  which  it  proceeds  in  the  required 
direction,  must  he  knotan.  The  conditions  of  reaction  are  deter- 
mined  by  the  properties  of  the  compounds  which  act  upon  one 
another  and  result  from  this  action.     In  studying  the  various 
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reactions,  therefore,  the  properties  of  both  the  reacting  and 
the  resultant  compounds  must  be  closely  observed.  This  is 
absolutely  necessary  to  ensure  the  fulfilment  of  the  conditions 
and,  consequently,  the  proper  course  of  the  reaction.  An 
experiment  which  miscarries  always  indicates  that  these  pro- 
perties have  not  been  heeded,  and  the  conditions  of  reaction 
only  partially,  or  not  at  all  obtained.  Since  the  analyst  is 
compelled  to  bring  about  a  reaction  under  the  most  varied 
conditions,  he  must  know  how  to  convert  the  unfavourable 
ones  into  those  necessary  for  the  success  of  the  experiment. 
The  connection  between  the  reactions  and  their  conditions 
may  be  illustrated  by  the  action  of  tartaric  acid  upon  potassium 
salts.  In  this  reaction  the  precipitate  of  acid  potassium 
tartrate  characteristic  of  potassium  is  to  be  obtained.  But 
since  this  compound  can  exist  only  in  neutral  solutions,  the 
conditions  necessary  for  its  formation  are  not  present  if  the 
solution  contains  any  free  mineral  acid.  In  such  a  case  the 
conditions  must  be  modified  before  the  test  is  performed,  i,e., 
the  solution  must  be  neutralised.  This  is  a  condition  resulting 
from  the  properties  of  acid  potassium  tartrate.  The  same 
method  of  study  should  be  extended  to  all  the  reactions  used 
in  analysis,  and  the  student  must  learn  exactly  the  properties 
of  the  compounds  which  he  uses  or  obtains  in  his  experiments. 
Confirmatory  tests. — This  knowledge  of  the  characteristics 
of  the  compounds  employed,  which  is  necessary  in  determining 
the  normal  conditions  of  reaction,  is  also  required  in  devising 
tests  by  which  to  control  the  results  of  an  experiment.  These 
confirmatory  tests,  as  they  are  called,  are  made  in  order 
to  ascertain  whether  the  reaction  has  really  taken  place 
in  the  desired  direction,  and  the  expected  compound  been 
obtained.  Such  tests  are  especially  useful  in  the  analysis 
of  unknown  compoimds,  where  there  is  no  other  guarantee 
that  the  conditions  of  reaction  have  been  fulfilled.  A 
confirmatory  test  is  made  by  examining  the  compound 
obtained,  to  ascertain  whether  it  actually  possesses  the  char- 
acteristic physical  and  chemical  properties  (crystallographic 
form,  behaviour  toward  other  substances,  etc.)  of  the  compound 
which  it  is  supposed  to  be.  Although  the  slightest  indication 
of  these  properties  sufl&ces  for  the  experienced  analyst,  the 
beginner,  to  whom  they  are  less  familiar,  must  resort  to  con- 
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firmatory  tests  for  their  identification.  The  methods  of 
employing  the  latter  vary  greatly,  according  to  the  character- 
istics of  the  compoimds,  so  that  a  general  discussion  of  their 
nature  is  impossible ;  their  principle,  however,  may  be  seen  in 
the  following  example : — If  a  barium  salt,  the  nitrate  for 
instance,  be  added  to  a  solution  of  sulphuric  acid,  it  causes 
a  white  precipitate  of  barium  sulphate,  which  is  soluble  in 
neither  water  nor  dilute  acids.  The  barium  salts,  therefore, 
serve  for  the  detection  of  sulphuric  a6id.  Assume  that  an 
acid  solution  has  been  treated  with  barium  nitrate,  and  a 
white  precipitate  obtained.  This  precipitate  may  or  may  not 
be  barium  sulphate ;  for,  imder  certain  circumstances,  barium 
nitrate  may  itself  be  precipitated  from  an  acid  solution  which 
contains  no  sulphuric  acid — it  gives,  for  example,  a  white 
precipitate  with  concentrated  nitric  acid.  The  formation  of 
a  precipitate,  therefore,  does  not  establish  the  presence  of 
sulphuric  acid,  and  a  confirmatory  test  must  be  resorted  to. 
Barium  nitrate,  though  insoluble  in  strong  nitric  acid,  differs 
from  the  sulphate  in  dissolving  readily  in  water  or  the  dilute 
acid.  The  effect  which  the  addition  of  water  has  upon  the 
precipitate  should,  therefore,  be  ascertained.  If  it  still  remains 
undissolved  it  must  be  the  sulphate,  and  the  presence  of 
sulphuric  acid  in  the  solution  examined  is  proved  by  the  two 
tests. 

Combination  of  reactions  (systematic  plan  of  analysis). — 
We  now  understand  the  nature  of  individual  reactions,  and 
the  necessity  of  exact  knowledge  of  the  properties  of  the 
compounds,  without  which  it  would  neither  be  possible  to 
secure  the  correct  conditions,  nor  to  make  confirmatory  tests. 
Qualitative  analysis  is  not  limited  to  the  study  of  these 
reactions  alone.  An  element  can  be  characterised  by  its 
special  reactions  only  wheA  in  an  isolated  state ;  when  several 
are  present  at  once,  the  reactions  of  the  one  may  be  hidden  or 
prevented  by  the  influence  of  another,  and  the  proper  con- 
ditions for  individual  reactions  can  rarely  be  obtained.  The 
various  reactions  must,  therefore,  be  combined  into  a  system 
which  permits  the  detection  of  any  element  when  others  are 
present.  For  this  purpose  the  elements  are  arranged  in 
groups,  the  course  of  study  being  to  first  consider  the  members 
of  each  group  alone,  then  those  of  all  the  groups  and  sub- 
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divisions  together.  Here  the  problems  of  qualitative  analysis, 
solved  by  the  study  of  reactions  and  their  combination,  may 
be  brought  to  an  end. 

§  3.  System  of  Exposition. — ^The  student,  whose  famili- 
arity with  general  chemistry  and  the  natural  system  of  the 
elements  and  their  compounds  is  presupposed,  meets  in  ana- 
lytical chemistry  an  artificial  classification.  This  arrangement 
is  based  upon  the  analytical  characteristics  of  the  elements, 
I.e.,  upon  those  which  best  aid  the  solution  of  analytical  prob- 
lems. A  classification  of  this  nature  may  depend  upon  any 
suitable  properties  and  reactions  of  the  different  elements  and 
compounds,  though  the  most  convenient  are  the  characteristics 
and  certain  conditions  of  formation  of  the  sulphides.  Such 
conditions  are  found  in  the  action  of  ammonium  sulphide  and 
hydrogen  sulphide  on  the  solutions  of  different  elements. 
The  term  "  Metal "  denotes,  analytically,  a  class  of  elements 
to  which  belong  all  the  actual  metals,  and  also  those  of  the 
other  elements  which  form  sulphides  with  hydrogen  sulphide 
(arsenic,  selenium,  tellurium),  or  hydroxides  with  ammonium 
sulphide  (chromium,  etc.)  The  second  class  embraces  the 
remaining  elements,  which  are  called  metalloids.  Their  sul- 
phides are  not  precipitated  by  hydrogen  sulphide,  or  ammonium 
sulphide,  and  are  usually  decomposed  by  water.  These  two 
classes  are  divided,  according  to  the  analytical  behaviour  of 
their  members,  into  several  groups.  The  latter  are  often  the 
same  as  in  the  natural  system,  but  sometimes  include  dis- 
similar elements  which  have  a  similar  analytical  behaviour. 

The  classification  of  the  chemical  facts  with  which  we 
shall  be  occupied  must  also  be  considered.  The  properties  of 
each  group  of  elements  are  studied  according  to  their  applica- 
tion in  qualitative  or  quantitative  analysis.  Observation  of 
the  properties  and  reactions  of  any  one  element  enables  its 
detection  when  alone.  When  several  elements  enter  into  the 
substance  to  be  examined,  however,  a  combination  of  reactions 
is  necessitated,  as  the  proper  tests  can  be  made  only  after  their 
separation.  Each  element  must  therefore  be  studied  from  two 
sides.  For  its  special  reactions,  it  must  be  studied  by  itself. 
To  simplify  the  combination  of  reactions,  a  comparative  ex- 
amination of  analogous  compounds  of  metals  of  the  same,  or  of 
different  groups,  is  required.     These  are  called  general  reactions. 
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The  methods  to  be  used  in  any  problem  in  qualitative  analysis 
will  be  clearly  pointed  out  during  the  course  of  study  pursued 
in  this  manner. 

§  4.  Plan  of  Practical  Work. — The  practice  of  analytical 
chemistry  involves  the  same  principles  as  have  been  discussed 
in  the  foregoing  paragraphs.  The  basis  of  practical  work  in  the 
laboratory  is  likewise  the  study  of  the  properties  and  reactions  of 
compounds ;  together  tvith  all  deductions  made  in  the  course  of 
the  analysis^  whether  it  he  quantitative  or  qualitcUive,  Practice 
is  most  conveniently  commenced  with  the  simplest  group — that 
of  the  alkali  metals.  Each  metal  must  be  studied  both  alone  and 
in  comparison  with  other  members  of  the  same  group.  The 
discussion  begins  with  the  general  reactions  and  consideration 
of  analogous  compounds  of  the  different  elements,  and  is  given 
the  character  of  a  study,  in  which  the  student  must  form  and 
answer  the  problems  himself.  The  questions  arising  may  be 
presented  in  this  form.  A  property  of  a  compoimd  has  been 
studied  which  is  to  be  used,  for  example,  in  the  detection  of  an 
element.  How  is  it  to  be  employed  ? — in  other  words,  what 
conditions  of  reaction  does  this  characteristic  demand  ?  As 
acid  potassium  tartrate,  for  instance,  is  more  soluble  in  hot 
than  in  cold  water,  what  condition  must  be  fulfilled  in  order  to 
obtain  the  salt  as  a  precipitate  ?  This  property  requires  that 
the  reaction  be  performed  in  the  cold.  The  study  of  the  pro- 
perties of  the  compounds  entering  into  and  resulting  from  a 
reaction  points  out  the  necessary  conditions  of  reaction ;  i.e.,  it 
shows  how  to  obtain  the  reaction  under  the  most  varied 
circumstances.  The  importance  of  this  result  is  still  greater 
if  the  student  has  made  his  own  deductions  and  obtained  the 
conditions  of  reactions  himself.  He  must  nevertheless  prove, 
by  a  confirmatory  test,  in  which  he  compares  the  physical  or 
chemical  properties  of  the  two,  that  his  deductions  were 
correct,  and  the  body  sought  for  actually  the  one  produced. 
To  simplify  the  formation  and  solution  of  such  problems,  the 
first  two  groups  are  in  this  regard  thoroughly  discussed.  The 
remaining  groups  are  given  a  more  concise  and  systematic 
treatment,  under  the  assumption  that  the  student  has  become 
fairly  proficient  in  his  work  by  the  time  they  are  reached. 

The  study  of  the  general  and  special  characteristics  of  the 
metals  of  the  first  group  should  be  followed  by  a  series  of 
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exercises  involving  the  detection  of  all  its  members  in  the 
presence  of  each  other.  This  requires  a  combination  of  the 
properties  of  various  compounds  and  of  the  conditions  of  many 
reactions.  The  detection  of  potassium  in  presence  of  sodium 
and  ammonium,  for  instance,  necessitates  that  several  reactions 
be  combined  into  a  systematic  course  of  analysis,  in  which  their 
order  is  consistent  with  the  properties  of  the  metals,  and  the 
latter  are  isolated  and  detected  one  by  one.  The  student,  aided 
by  the  hints  given  at  the  close  of  each  group,  must  elaborate 
this  systematic  course  himself.  The  separation  of  any  metal 
must  also  be  followed  by  a  confirmatory  test,  to  prove  the 
correctness  of  the  reaction.  The  student  can  test  the  system 
which  he  has  devised  by  following  it  in  the  analysis  of  a  known 
mixture  of  the  metals  of  the  first  group.  After  this  sub- 
stantiation he  may  use  it  in  the  analysis  of  imknown  mixtures. 
The  study  of  the  first  group  is  followed  by  that  of  the  second 
and  third,  etc.,  in  which  the  combination  of  reactions  extends 
not  only  to  single  elements,  but  also  to  entire  groups,  and  is 
much  more  complicated.  A  systematic  course  of  analysis  for 
all  the  metals  of  all  groups  is  thus  finally  derived.  After  the 
metalloids  have  been  studied  in  the  same  manner,  the  analysis 
of  insoluble  compounds,  the  most  difficult  of  all,  is  to  be  taken 
up.  The  third  section  of  this  book  contains  rules  and  methods 
for  this  purpose,  which  are  likewise  derived  from  observation 
of  the  properties  of  compoimds.  With  this  the  exercises  in 
qualitative  analysis  terminate. 

Since  in  this  way  the  entire  course  of  work  is  arranged  in 
exercises,  the  performance  of  which  is  left  to  the  student,  it 
should  be  remarked  that  the  path  to  the  correct  solution  of  the 
problems  is  sharply  defined.  This  accuracy  and  the  systematic 
solution  of  the  exercises  have  great  instructive  value.  The 
student  becomes  accustomed  to  compare  the  properties  of  the 
dififerent  compounds,  to  derive  the  right  conditions  of  reaction, 
and  to  combine  them.  The  mental  processes  involved  can  be 
expressed  by  two  words :  Analytical  chemistry  teaches  the  art 
of  chemical  thought,  which  is  the  most  important  object  of 
practical  work.  The  accuracy  of  the  methods,  that  is,  their 
relative  simplicity,  has  a  greater  or  less  disadvantage  in  often 
leading  the  student  into  the  habit  of  mechanical  instead  of 
thoughtful  work.     Mechanical  study  affords  no  benefit  what- 
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ever ;  nor  can  it  in  a  single  instance  teach  how  to  make  a 
correct  analysis,  to  say  nothing  of  developing  the  faculty  of 
chemical  thought. 

After  the  analytical  methods  have  been  observed  in 
qualitative  analysis,  the  student  may  turn  to  the  quantitative 
branch.  The  latter,  the  passage  to  which  must  be  governed 
by  his  progress,  is  chiefly  valuable  as  a  means  of  giving  him 
the  experience  in  exact  work  which  qualitative  analysis  may 
not  afford. 


SECTION    I 


THE  METALS 


§  5.  Division  of  the  Metals  into  Oronps.  —  Analytical 
chemistry  classifies  the  elements  according  to  certain  reactions 
in  the  formation  of  their  sulphides,  and  with  regard  to  the 
stability  or  instability  of  these  compounds  when  acted  upon  by 
water.  By  the  term  "  Metals  "  we  indicate  the  elements,  the 
sulphides  of  which  are  not  decomposed  by  water,  but  are  either 
soluble  or  insoluble  in  it.  Sulphides  of  the  latter  class  are  formed 
by  the  action  of  hydrogen  sulphide  or  ammonium  sulphide  upon 
any  soluble  compounds  of  the  metals.  To  the  metals  proper 
we  add  the  elements  which  are  precipitated  as  oxides  by 
ammonium  sulphide,  although  they  form  no  sulphides  through 
its  action.  The  metals  are  divided,  according  to  the  solubility 
of  their  sulphides,  into  two  classes :  the  first  comprising  those 
the  sulphides  of  which  are  soluble  in  water ;  and  the  second, 
those  which  give  insoluble  precipitates  with  sulphuretted 
hydrogen  or  ammonium  sulphide.  No  salts  of  the  first  class 
are  thrown  down  by  these  reagents. 

A.   Metals,   the    Sulphides  of  which  are   soluble   in 

Water. — The  division  of  this  class  into  groups  is  based,  not 
upon  the  sulphides,  but  upon  the  properties  of  their  carbonates 
and  phosphates. 

First  Group:  Potassium,  Sodium,  Ammonium,  Eubidium, 
Caesium,  and  Lithium. — The  sulphides  of  this  group  of  metals 
are  soluble  in  water,  and  there  is  no  general  reagent  by  which 
they  are  precipitated  in  the  form  of  insoluble  compounds. 

Second  Graup :  Barium,  Strontium,  Calcium,  Magnesium. — 
Their  sulphides  are  soluble  and  their  carbonates  insoluble  in 
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water.  Ammonium  carbonate  is  the  general  reagent  of  the 
group.     It  throws  down  all  these  metals  as  their  carbonates. 

B.  The  metals,  the  sulphides  of  which  are  insoluble  in 

water,  form  three  groups.  To  distinguish  them,  we  use  the 
behaviour  of  their  sulphides  (or  hydroxides)  toward  weak  acids 
and  ammonium  sulphide. 

Third  Group :  Aluminium,  Chromium,  Beryllium,  Yttrium, 
Zirconium,  Thorium,  Cerium,  Lanthanum,  Didymiimi,  Erbium, 
Titanium,  Tantalum,  Niobium ;  Iron,  Manganese,  Zinc,  Nickel, 
Cobalt,  Uranium,  Indium,  Thallium,  Gallium. — ^As  far  as,  and 
including,  niobium,  they  form  no  sulphides  by  the  wet  way, 
but  from  iron  on  they  have  sulphur  compounds  which  dissolve 
in  dilute  acids  to  the  salts  of  the  acid  used.  They  are  not 
precipitated  from  an  acid  solution  by  hydrogen  sulphide,  but 
ammonium  sulphide  throws  down  the  sulphides  or  oxides,  and 
these  are  insoluble  in  excess  of  the  reagent.  Ammonium 
sulphide  is  the  general  reagent  of  this  group. 

Fourth  Ghroup:  Silver,  Mercury,  Lead,  Bismuth,  Copper, 
Cadmiimi,  Palladium,  Ruthenium,  Rhodium,  Osmium. — The 
sulphides  are  insoluble  in  dilute  acids,  are  precipitated  from 
acid  solution  by  hydrogen  sulphide,  and  are  insoluble  in 
ammonium  sulphide.  Hydrogen  sulphide  in  acid  solution  is 
the  general  reagent  of  this  group. 

Fifth  Oroup:  Gold,  Arsenic,  Tin,  Antimony,  Platinum, 
Iridium,  Vanadium,  Tungsten,  Molybdenum,  Seleniimi,  Tel- 
luriimi. — The  sulphides  of  this  group  are  likewise  insoluble 
in  dilute  acids,  and  are  thrown  down  from  an  acid  solution  by 
hydrogen  sulphide.  They  are  distinguished  from  the  sulphides 
of  the  fourth  group  by  their  solubility  in  ammonium- sulphide, — 
to  thio- salts  soluble  in  ammonium  sulphide  (compounds  of 
ammonium  sulphide  and  metallic  sulphides). 

GROUP   I 

POTASSIUM,  SODIUM,  AMMONIUM  (OiESIUM,  BX7BIDIUM, 

LITHIUM)^ 

The  analytical  definition  of  the  metals  of  this  group  is  as 

'  Metals  of  this  and  the  following  groups  in  parentheses  are  the  rare  elements. 
In  the  general  scheme  they  will  be  only  slightly  considered,  but  are  es^iecially 
describea  in  the  Supplements. 
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follows :  The  metals  of  the  first  group  are  distinguished  by  the 
solubility  of  their  sulphides  and  carbonates.  This  group  has 
no  general  reagent. 

§  6.  The  Alkali  Metals  and  their  Oomponnds. — Let  us 
first  recall  the  most  important  properties  of  these  metals,  in 
order  to  be  able  to  choose  from  among  the  compounds  described 
below  those  to  be  used  for  their  qualitative  recognition. 

The  metcUs  of  the  first  group,  metals  of  the  alkalies,  or  the 
alkali  metals,  are  distinguished  by  their  extraordinary  affinity 
for  other  elements.  They  unite  directly  with  the  halogens,  and 
displace  other  metals,  and  some  metalloids,  in  their  compounds. 
(This  is  the  case  with  aluminium,  magnesium,  silicon,  boron, 
uranium,  etc.)  The  difficulties  presented  in  separating  them 
from  their  compoimds  do  not  permit  us,  however,  to  apply 
these  properties  to  their  detection. 

The  oxides. — The  alkali  metals  decompose  water  at  the 
ordinary  temperature,  setting  hydrogen  free  and  forming 
hydroxides  (caustic  alkalies)  soluble  in  water.  Their  solutions 
show  an  alkaline  reaction,  turn  red  litmus  paper  blue,  and 
turmeric  paper  brown.^ 

The  Salts. — The  alkali  metals  displace  the  hydrogen  of  acids 
atom  for  atom,  and  thus  give  for  every  acid  as  many  series  of 
salts  as  there  are  atoms  of  metallic  hydrogen  in  the  acid.  With 
polybasic  acids  they  form  either  neutral  or  acid  salts,  the  latter 
term  denoting  compounds  in  which  the  hydrogen  is  not  completely 
displaced  by  the  metal  In  relation  to  litmus  paper,  we  say 
that  the  saturation  of  the  acid  in  an  alkali  salt  is  complete 
— the  salt  neutral — when  blue  litmus  paper,  treated  with  a 
very  weak  acid,  and  thus  changed  to  violet,  undergoes  no 
alteration  in  colour  in  its  solution ;  as,  for  instance,  in  that  of 
potassium  chloride,  or  sulphate.  If  a  drop  of  a  weak  solution 
of  caustic  alkali  be  added  to  that  of  a  neutral  salt,  the  paper 
will  become  blue ;  if  a  drop  of  weak  acid,  the  paper  changes 
to  red.     In  some  cases  we  use  litmus  tincture  instead  of  the 

^  Litmus  contains  a  certain  organic  acid  (litmus  acid),  which  dissolves  in  water 
to  a  red  liquid,  but  the  salts  of  which  are  blue.  Litmus  paper  is  coloured  with 
the  red  solution  of  litmus  acid,  or  with  the  blu^  solution  of  one  of  its  salts.  The 
effect  of  any  acid  upon  the  blue  paper  is  to  redden  it,  and  this  is  therefore  used 
to  detect  acids  ;  while,  by  the  action  of  alkalies  upon  the  red  paper,  a  blue  salt 
is  formed.  The  cause  oi  the  colouring  of  turmeric  by  alkalies  is  not  yet  fully 
understood.  Many  other  substances  nave  of  late  been  applied  in  testing  for 
alkalies  and  acids,  such  as  cyanine,  rosalic  acid,  phenolphthalein,  etc. 
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paper.  If  weak  sulphuric  acid  is  added  to  a  solution  of  caustic 
alkali  which  is  coloured  blue  by  litmus,  the  colour  will  remaiu 
unaltered  until  a  sufficient  amount  of  acid  has  been  added 
to  form  the  neutral  sulphate ;  at  this  point  the  blue  solution 
becomes  violet  (neutral  reaction),  and  on  the  addition  of  a 
single  drop  more  the  liquid  becomes  red  (acid  reaction).  This 
reaction  is  very  delicate.  The  salts  of  the  alkali  metals  with 
weak  acids,  such  as  the  carbonates,  acetates,  etc.,  show  an 
alkaline  reaction,  turning  red  or  violet  litmus  paper  blue. 
Almost  all  salts  of  the  alkali  metals  are  soluble  in  water,  and 
some  of  them  are  very  characteristic.  The  sulphates  unite 
with  other  sulphates,  of  the  general  formula  R2(S0^)g,  where 
K  equals  Al,  Cr,  Fe,  Mn,  to  form  double  salts  called  alimis : 
these  usually  crystallise  in  octahedra,  and  contain  twelve 
molecules  of  water.  The  formula  for  aluminium  alum,  for 
instance,  is  KAICSO^)^^- I2H2O.  The  double  salts  of  the 
chlorides  with  platinum  chloride,  having  the  general  formula 
EgPtClg,  in  which  E  signifies  an  tdkali  metal,  also  crystallise 
welL  The  acid  tartrates,  of  the  formula  C^H^O^(OH)(OE),  are 
also  characteristic.  The  ammonium  salts  are  sharply  dis- 
tinguished from  those  of  the  alkali  metals,  in  being  volatile  at 
a  relatively  low  temperature  (300°-400°)  and  easily  generating 
ammonia  through  the  action  of  oxides. 

We  now  turn  to  the  study  of  the  compounds  of  the  alkali 
metals  which  are  used  in  analysis.  Following  the  methods 
given  in  §§  2,  4,  and  5  of  the  Introduction,  let  us  begin  with 
the  study  of  the  properties  of  these  compounds,  and  observe 
the  conditions  which  the  single  reactions  require.  Having 
finished  the  study  of  these  reactions,  both  general  and  special, 
we  will  take  up  their  combination,  in  order  to  form  a  scheme 
for  analysis.  Before  we  apply  ourselves  to  the  practical  con- 
sideration of  the  general  and  special  reactions,  the  student 
should  be  advised  to  make  himself  acquainted  with  them  by 
reading  and  thinking,  and  to  go  to  the  laboratory  desk  with 
the  plan  for  his  day's  work  already  fonned.  Every  experiment 
must  be  made  with  the  view  of  attaining  a  definite  end,  an 
answer  to  the  questions  suggested  by  the  experiments.  Aim- 
less experiments  are  absolutely  harmful;  and  it  is  only 
when  the  student  works  as  independently  as  possible  that 
the    study    of    analytical   chemistry    can   bring   the    returns 
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which   will   enable    him  to  attain,  the  higher  aims   of  our 
science. 

Remark. — All  the  reactions  described  below  are  brought  about  be- 
tween dissolved  salts  of  the  alkali  metals  and  the  reagents,  both  being 
used,  as  a  rule,  in  10  per  cent  solutions.  It  is  still  better  for  beginners  to 
employ  what  are  known  as  **  Equivalent  Solutions,"  {.«.,  those  which  hold 
in  a  liter  equivalent  quantities  of  the  acid  and  alkali  respectively.  The 
advantage  of  using  such  solutions  lies  in  the  fact  that  equal  volumes  of 
the  interacting  liquids  are  requisite  for  the  reactions,  and  the  student 
can  thus  judge  correctly  respecting  the  amount  to  be  taken,  and  not,  as  is 
usually  the  case  otherwise,  employ  an  undue  excess  of  the  precipitant 
The  action  of  the  reagent  is  observed  in  a  test-tube  ;  and  before  a  test 
the  tube  must  be  washed  with  distilled  water,  and  be  absolutely  clean.  The 
use  of  reagents  for  the  qualitative  investigation  of  metals  is  founded, 
in  the  great  majority  of  cases,  upon  the  formation  of  insoluble  or  diffi- 
cultly soluble  compounds,  which  are  thrown  down  as  precipitates  by  the 
action  of  the  reagent  upon  the  solution  of  the  given  metal.  These 
precipitates  are  distinguished  from  each  other  either  by  their  colour  or 
their  physical  properties.  We  call  a  precipitate  crystalline  when  it  forms 
in  fine  granules  and  settles  rapidly  to  the  bottom  of  the  vessel :  a  pre- 
cipitation of  this  kind  may  not  occur  at  once,  but  occasionally  takes  some 
time.  It  may,  in  some  cases,  be  hastened  by  stirring  the  solution  with  a 
glass  ix)d,  or  scratching  the  latter  against  the  sides  of  the  vessel,  and  by 
certain  other  operations.  Placed  under  the  microscope,  crystalline  precipi- 
tates show  a  regular  construction,  while  amorphous  precipitates,  on  the 
contrary,  exhibit  no  definite  form,  are  thrown  down  immediately,  and  in 
most  cases  settle  more  slowly  than  those  of  the  first  class.  The  character- 
istics of  the  third  class,  gelatinous  precipitates,  are  fully  indicated  by 
their  name.  If  but  a  slight  precipitate  is  formed,  and  this  is  so  fine 
that  it  does  not  deposit,  though  at  the  same  time  the  solution  is  not 
quite  opaque,  we  speak  of  it  as  being  turbid. 


General  Reactions 

To  learn  the  general  reactions,  let  us  study  the  properties 
of  those  corresponding  compoimds  of  the  alkali  metals  which 
enable  the  separation  of  the  metals  from  one  another  and  their 
recognition. 

§  7.  The  Acid  Tartrates. — The  composition  of  tartaric 
acid  is  expressed  by  the  formula  C^H^O^.  Since  metals  can 
be  substituted  for  only  two  of  its  hydrogen  atoms,  it  is  dibasic, 
and  contains  two  acid  hydroxyl  groups,  possessing,  more  exactly, 
the  formula  C^H^0^(0H)2.  Two  classes  of  its  alkali  salts  are 
known,  one  of  them  neutral,  as  C^H^O^COK)^,  and  one  acid,  as 
C^H^O^(OH)(OK).       Although    the    neutral   salts   are    easily 
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soluble  and  cannot  be  obtained  as  precipitates,  of  the  other 
variety  the  salts  of  potassium  and  ammonium,  C^H^O^(OH) 
(OK)  and  C^H^O/OH)(ONH^),  dissolve  less  readily  than  the 
acid  sodium  and  lithium  salts.  We  are  thus  in  position  to 
detect  potassium  and  ammonium  in  presence  of  Bodium  and 
lithium  by  means  of  the  acid  tartrates. 

Properties  of  acid  potassium  tartrate, — The  use  of  tartaric 
acid  as  a  reagent  for  potassium  is  based  upon  the  formation  of 
the  acid  salt,  G^H^O/OH)(OK).  The  reaction  takes  place 
according  to  the!  following  equation  : 

Ka  +  C^Bfi^(OK)^  =  C^H40^(0HX0K)  +  HCL 

The  salt  is  usually  obtained  in  the  reaction  as  a  white  crystal- 
line powder,  a  result  of  its  rapid  formation  (by  slower  crystal- 
lisation it  is  procured  in  prismatic  crystals  of  the  rhombic 
system).  We  must  make  ourselves  acquainted  with  those  of 
its  properties  which  find  an  application  in  analysis.  In  con- 
sideration of  the  fact  that  we  are  at  first  to  be  engaged  with  the 
simplest  analyses,  those  of  solutions,  and  that  these  can  show 
an  alkaline,  neutral,  or  acid  reaction,  let  us  turn  to  the  study 
of  the  relations  which  acid  potassium  tartrate  bears  to  water, 
alkalies,  and  acids.  It  may  not  be  superfluous  to  remark  that 
we  must,  for  the  same  reasons,  learn  in  every  reaction  the  re- 
lations to  these  substances.  At  the  usual  temperature  (exactly 
at  10®  C.)  one  part  of  acid  potassium  tartrate  requires  250 
parts  of  water,  but  at  100°  only  15  parts,  for  its  solution. 
Alkalies  and  their  carbonates  dissolve  the  precipitate,  forming 
easily  soluble  neutral  salts : 

C^H^O^(OHXOK)  +  KOH  =  C^H^0^(0K)2  +  HgO, 
2C^H^04(OHXOK)  +  K2CO3  =  2C^H^O^(OK)2  +  HgO  +  COg. 

By  the  action  of  the  carbonates,  as  we  find  from  the 
equation,  carbon  dioxide  is  liberated.  Mineral  acids  also  dis- 
solve the  salt,  decomposing  it  with  formation  of  free  tartaric 
acid  and  the  salt  of  the  acid  employed : 

C^H^O^COHXOK)  +  HCl  =  C^H^0/0H)2  +  KCl. 

Remark. — The  properties  of  acid  potassium  tartrate  described  must 
be  studied  by  experiment.  Dissolve  a  little  tartaric  acid  in  a  small  flask  : 
heat  can  be  used  for  its  solution,  but  the  experiments,  on  the  contrary, 
must  be  made  with  the  well- cooled  acid.     Partly  fill  a  number  of  test- 
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tubes  with  the  solution  of  a  potassium  salt  (KCl,  KNO3),  and  then  add 
to  each  an  excess  of  tartaric  acid.  The  formation  of  the  precipitate  can 
be  hastened,  if  necessary,  by  mixing  with  a  glass  rod.  Having  observed 
the  external  form  of  the  acid  potassium  tartrate  obtained,  make  the 
following  tests : 

1.  Warm  one  of  the  test-tubes,  to  examine  the  solubility  of  the  pre- 
cipitate in  hot  water.     It  dissolves, 

2.  Add  to  one  portion  of  the  cold  solution,  alkali,  and  to  another, 
potassium  carbonate.     The  precipitates  dissolve  in  each  case. 

3.  Test  with  an  acid,  such  as  hydrochloric.  The  precipitate  dis- 
solves. 

The  conditions  of  the  reaction  between  tartaric  acid  and  a  potassium 
salt  are,  as  we  see,  determined  by  these  experiment& 

Conditions  of  reaction. — (1)  Having  observed  the  solu- 
bility of  acid  potassium  tartrate  in  water,  we  know  that  the 
experiment  must  be  made  with  concentrated  solutions,  both  of 
the  tartaric  acid  and  the  substance  to  be  examined.  If  the 
solution  at  hand  is  dilute,  therefore  it  must  be  strongly  con- 
centrated. The  precipitation  may  sometimes  be  aided  by 
stirring  with  a  glass  rod,  and,  further,  in  result  of  the  greater 
insolubility  of  the  acid  potassium  salt  at  the  ordinary  tempera- 
ture, the  test  must  be  made  in  the  cold.  (2)  Since  both 
alkalies  and  acids  dissolve  the  precipitate,  the  reaction  should 
take  place  in  a  neutral  solution,  and  therefore  the  reaction  with 
litmus  paper  must  first  be  tried.  If  the  solution  proves  to  be 
alkaline,  it  is  to  be  made  neutral  by  carefully  adding  hydro- 
chloric or  acetic  acid  before  the  tartaric  acid  is  applied :  if, 
on  the  contrary,  the  test  with  litmus  shows  that  it  is  already 
acid,  the  free  acid  must  either  be  cautiously  neutralised  with 
sodium  hydroxide,  or,  if  volatile,  as  hydrochloric  acid,  etc.,  it 
can  be  removed  by  evaporatiqn.  (3)  Since  an  acid  salt  is  to 
be  formed,  a  relatively  large  amount  of  tartaric  acid  must  be 
added. 

The  normal  conditions  for  the  reaction  are  thus  derived.  The  student 
must  also  seek  to  obtain  the  reaction  when  unfavourable  conditions  are 
present,  trying  to  satisfy  these  according  to  the  hints  given  above.  For 
this  purpose  let  him  make  the  following  experiments :  (1)  detection  of 
potassium  in  the  solution  of  a  potassium  salt  which  is  aciditied  with 
hydrochloric  acid  ;  (2)  in  presence  of  sodium  hydroxide  ;  and  (3)  in  very 
dilute  solution,^ 

^  Before  performing  these  experiments,  the  student  must  be  made  acquainted 
with  certain  general  operations  and  with  the  Bunsen's  burner. 

The  Bunsen's  Burner  has  the  following  form  : — Into  the  middle  of  a  solid  cast 
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We  will  now  observe  how  the  detection  of  potassium  is 
accomplished  in  the  presence  of  sodium.  If  tartaric  acid  be 
added  in  excess  to  a  concentrated  solution  of  sodium  hydroxide 
or  carbonate,  and  the  solution,  which  becomes  heated  by  the 
chemical  reaction,  allowed  to  cool,  a  precipitate  of  acid  sodiimi 
tartrate  will  form.  The  compounds  of  sodium  named  possess 
an  alkaline  reaction,  but  the  neutral  salts,  on  the  contrary, 
such  as  the  chloride,  give  no  precipitate  with  tartaric  acid. 
Since  the  detection  of  potassium  depends  upon  the  neutrality 
of  the  solution  (that  is,  if  it  is  alkaline  it  must  be  made 
neutral),  the  possibility  of  the  formation  of  acid  sodium  tartrate 
and  the  consequent  error  are  prevented. 

In  the  reaction  between  potassium  salts  and  tartaric  acid, 
the  acid  previously  united  to  the  potassium  is  set  free ;  hydro- 
chloric acid,  for  example,  is  liberated  from  its  chloride  according 
to  the  equation : 

Ka  +  C4H^O^(OH)2  =  C^H^O^COHXOK)  +  HCl. 

The  solvent  action  of  the  free  mineral  acid  influences 
the  delicacy  of  the  reaction,  and  to  overcome  its  effect  and 
make  the  test  as  delicate  as  possible  the  acid  must  be  neutral- 
ised.    We  accomplish  this  by  substituting  for  tartaric  acid  a 

iron  rest  is  fastened  a  small  brass  burner,  which  is  perforated  by  three  holes,  or 
by  an  irregular  slit,  for  the  escape  of  the  gas.  Over  this  burner  an  iron  cylinder 
is  screwed,  which  at  its  base  is  provided  with  two  large  openings  and  a  nng,  by 
turning  which  the  latter  can  be  reduced  in  size  or  entirely  closed.  As  the  gas 
rushes  from  the  burner  it  draws  air  through  the  openings.  It  is  lighted  at  the 
mouth  of  the  cylinder,  where,  being  mixed  with  air,  it  bums  with  a  non-luminous 
flame  which  is  free  from  soot.  The  air-openings  at  the  bottom  of  the  cylinder 
must  be  closed  or  reduced  whenever  a  smaU  flame  is  to  be  used,  as  an  explosive 
mixture  of  air  and  gas  forms  if  the  current  of  the  latter  be  too  weak,  and  the 
flame  in  consequence  recedes  to  the  base  of  the  burner,  the  whole  cylinder  then 
becoming  heated.  The  burner  is  connected  with  the  gas-pipe  by  a  piece  of 
caoutchouc  tubing.  To  secure  a  proper  flame  the  gas  must  be  allowed  to  flow 
through  the  burner  for  a  few  seconds  before  being  lighted,  to  avoid  the  recession 
of  the  flame  to  the  bottom  of  the  cylinder.  The  flame  is  protected  by  a  cap  of 
iron  plate,  which  rests  on  a  star -shaped  support  screwed  to  the  top  of  the 
cylinder. 

EvaporcUion. — Liquids  are  evaporated  in  poi-celain  (or  platinum)  dishes  or 
casseroles,  which  are  placed  over  a  flame.  The  water  of  aqueous  solutions  boils 
and  escapes  as  vapour,  and  volatile  acids  pass  off*  at  the  same  time.  Evaporation 
over  an  open  flame  is  efliected  at  the  temperature  at  which  the  solution  boils 
(usually  slightly  over  lOO"*  C.)  The  ebullition  is  apt,  liowever,  to  cause  the  loss 
of  more  or  less  substance  from  spirting,  and  to  prevent  this  a  water-bath  is  some- 
times employed.  The  water-bath  is  a  metallic  vessel,  the  cover  of  which  is  a  set 
of  rings  of  varying  diameters.  The  vessel  is  filled  with  water,  the  dish  contain- 
ing the  liquid  to  be  evaporated  set  in  a  ring  of  suitable  size,  and  the  water  boiled. 
The  solution  is  thus  heated  by  steam  instead  of  a  direct  flame.  Acids  must  be 
evaporated  under  a  hood — a  large  case  in  which  a  draught  can  be  secured. 
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solution  of  acid  sodium  tartrate,^  by  the  action  of  which  no 
free  mineral  acid  is  set  free,  but  the  sodium  salt  is  formed : 

Ka  +  CJlfi^(OB)(0^€i)  =  C^H40^(0HX0K)  +  NaCl. 

Tartaric  acid  gives  the  reaction  with  almost  6dl  potassium 
salts,  though  those  of  acids  which  are  rich  in  oxygen  form  an 
exception  (for  instance  the  chromate,  permanganate,  etc.)  These 
do  not  show  the  reaction,  because,  in  the  presence  of  chromic  or 
permanganic  acids,  the  tartaric  acid  imdergoes  decomposition.  If, 
after  the  complete  reduction  of  the  oxygen  acids  in  the  solution, 
however,  an  excess  of  undecomposed  tartaric  acid  still  remains, 
the  acid  potassium  salt  can  then  be  formed. 

The  formation  of  the  precipitate  results  according  to  the  equation, 
KX  +  C^Bfi^(0Il)2 = C4H404(OH)(OK)  +  HX. 

(X  is  the  acid  radical,  the  salt  of  which  is  used  for  the  reaction.)  As 
this  equation  shows,  we  have  learned  the  influence  of  all  four  members 
upon  the  reaction,  or,  which  is  the  same  thing,  the  influence  of  the  com- 
pounds which  enter  into  and  result  from  the  reaction.  Other  important 
reactions  should  also  be  learned  in  the  same  way  as  much  as  possible. 
The  importance  of  the  subject  has  induced  us  to  give  an  example  of  this 
in  full  in  the  reaction  of  tartaric  acid  with  potassium  salts. 

The  confirmatory  tests  for  the  tartrate  are :  solution  of  the 
precipitate  on  warming,  and  in  either  alkalies  or  acids.  They 
are,  as  we  see,  directly  opposed  to  the  conditions  imder  which 
the  experiments  are  carried  out. 

Acid  ammoniimi  tartrate  is  very  similar  in  its  properties 
to  the  potassium  salt.  We  shall  not  treat  of  it  fully  (comp. 
§  13),  as  tartaric  acid  is  a  poor  reagent  for  ammonium,  and  is 
not  employed  in  the  detection  of  this  body. 

§  8.  Platinichlorides. — Platinum  chloride,  PtCl^,  is  capable 
of  entering  into  compounds,  the  so-called  platinichlorides, 
with  the  chlorides  of  the  alkali  metals.  Some  of  these 
compounds  dissolve  in  water,  and  these  are  usually  soluble, 
like  platinum  chloride  itself,  in  alcohol  or  ether.^  The  others 
are  difl&cultly  soluble  in  water  and  insoluble  in  alcohol  and 

^  This  salt  can  ho  prepared  hy  dividing  a  solution  of  tartaric  acid  into  two 
parts,  neutralising  one  of  them  with  sodium  hydroxide,  and  adding  the  remaining 
portion  to  the  neutral  solution. 

'  Alcohol,  CgHftOH,  boils  at  78"  C.  In  the  laboratory  we  usually  use  alcohol 
containing  water  (90-95  per  cent) ;  it  can  be  obtained  in  the  anhydrous  state  by 
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ether.  The  latter  are  especially  important.  Potassium  and 
ammonium  (caesium  and  rubidium)  form  difficultly  soluble 
platinicblorides,  while  the  sodium  and  lithium  salts  dissolve 
easily  in  either  water,  alcohol,  or  ether.  The  general  formula 
of  platinicblorides  is  EgPtCl^  =  2RC1 .  PtCl^,  in  which  R  is  an 
alkali  metal.  The  best  method  of  separating  potassium  from 
sodium  is  by  the  use  of  these  salts. 

Platinichlorides  of  potassium  and  ammonium, — By  the 
action  of  platinum  chloride  upon  the  salts  of  potassium  or 
ammonium,  yellow  crystalline  precipitates  are  obtained  (orange- 
coloured  octahedra  by  slower  crystallisation).  These  pre- 
cipitates are  more  difficultly  soluble  in  cold  than  in  hot  water 
(the  potassium  salt  needs  110  parts,  the  anmionium  salt  170 
parts,  at  10°,  while  at  100°  the  former  dissolves  in  19  and 
the  latter  in  50  parts).  They  are  hardly  soluble  in  alcohol, 
the  potassium  salt  needing  12,000  parts  and  the  ammonium 
salt  26,000  parts  of  anhydrous  alcohol,  while  in  a  mixture  of 
alcohol  and  ether  (3  parts  alcohol,  1  part  ether)  they  are 
absolutely  insoluble. 

Conditions  of  the  reaction, — For  the  formation  of  the 
platinichlorides  the  potassium  or  ammonium  must  be  present 
as  its  chloride.  It  is  possible,  in  fact  very  often  the  case, 
that  neither  chlorine  nor  a  chloride  is  present  in  the  solution 
to  be  examined.  The  solution  of  platinum  chloride,  as  a  rule, 
contains  free  hydrochloric  acid,  however,  and  it  is  therefore 
usually  unnecessary  to  add  more,  but  in  case  the  solution  is 
alkaline  this  must  be  done.  The  platinichlorides  can  be  formed 
even  when  free  hydrochloric  acid  is  not  present : 

SPtCl^  +  4KNO3  =  2K2PtClg  +  Pt(N0g)4. 

The  addition  of  free  hydrochloric  acid  and  sufficient  con- 
centration of  tlie  aqueous  solution — the  reaction  is  still  more 
delicate  in  alcohol — are  the  conditions  which  ensure  the 
reaction  with  platinum  chloride. 

§  8a.  Behaviour  of  the  Salts  of  the  Alkali  Metals  at 

treating  with  anhydrous  calcium  oxide  and  distillation.  The  anhydrous  alcohol 
takes  up  moisture  from  the  air  very  easily. 

Ether,  C4H10O  =  (€21^5)20,  is  formed  from  two  molecules  of  alcohol  by  the 
abstraction  of  one  molecule  of  water : 

2C2H6  -  OH  =  (C2Hb)20  +  HjO. 

It  is  obtained  by  the  action  of  strong  sulphuric  acid  upon  alcohol,  whence  it 
is  sometimes  called  **  Sulphuric  ether,"  an  incorrect  name.     It  boils  at  35**  C. 
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a  High  Temperature. — The  alkali  salts  of  most  inorganic, 
though  not  organic,  acids  are  exceedingly  stable  at  such  a 
temperature  as  we  can  reach  by  heating  a  porcelain  crucible  or 
evaporating  dish  with  an  ordinary  flame.  This  is  at  about 
600"*  C.  At  a  higher  temperature,  however,  they  can  be 
volatilised.  Their  stability  at  600°  C.  permits  their  separation 
from  ammonimn  salts,  which  are  decomposed  and,  for  the  most 
part,  volatilised  at  temperatures  little  higher  than  350°  C. 
This  separation  of  ammonium  from  sodium  or  potassium,  a  very 
important  one  in  qualitative  analysis,  is  described  among  the 
special  reactions  of  the  ammonium  salts. 

§  9.  Flame  Ooloration. — If  we  bring  the  salts  of  the 
alkali  metals  into  the  flame  of  a  gas-burner,  or  into  any  non- 
luminous  flame,  such  as  that  of  alcohol  or  hydrogen,  in 
quantities  which  are  small  enough  to  attain  the  high  tempera- 
ture of  the  flame,  they  volatilise.  The  volatilisation  is  marked 
by  the  colouring  of  the  flame,  and  this  coloration  is  very  im- 
portant as  a  qualitative  test  for  the  salts  of  the  alkali  metals. 

The  temperature  in  tJie  flame  of  a  gas-humer  is  very  unequal,  and  in 
experiments  with  the  flame  reactions  it  is  necessary  to  know  its  variations. 
In  the  flame  we  distinguish  two  cones.  The  inner  dark  blue  one  has  a 
low  temperature,  and  is  hardly  sufficient  for  the  decomposition  of  the  con- 
stituents of  the  gas.  The  oxidation  proi)er  takes  place  in  the  outer  cone, 
and  this  has,  in  consequence,  a  higher  temi)erature.  The  dark  inner  cone 
forms  the  lower  third  of  the  flame  ;  in  the  outer,  the  temperature  is  un- 
equally divided,  the  gi^eatest  heat,  about  2300"  C,  being,  according  to  the 
experiments  of  Bunsen,  a  little  above  the  first  third  of  the  flame  and  half- 
way between  the  tip  of  the  dark  cone  and  the  outer  edge  of  the  flame.  The 
substance  to  be  investigated  is  brought  into  this  section  of  the  flame.  In 
lieu  of  a  gas-burner,  flame  tests  can  be  carried  out  with  a  spirit-lamp,  or 
by  igniting  alcohol  in  a  dish  which  contains  the  substance.  The  tempera- 
ture of  the  alcohol  flame  is  not  as  high  as  that  of  gas,  however,  and  the 
flame  colorations  arc  not  obtained  as  easily  by  its  means. 

Tlie  rate  of  volatilisation  of  tlic  salts  of  the  alkali  metals  is 
variable,  as  we  see  from  the  table  below,  which  was  prepared 
by  Bunsen.  In  the  heat  of  the  gas  flame,  at  about  2300°  C, 
and  with  the  mte  of  volatility  of  sodium  chloride  taken  as  the 
unit,  the  sulphates  volatilise  the  most  slowly,  and  the  chlorides 
with  the  greatest  rapidity : 

Na.,SO4  =  0-66        NaoC08  =  0-133      NaCl  =  1000 
KoSO^   =0127      Li2CO3=0114      LiCl  =0-739 

K2CO3  =0-310      KCl    =1-288 
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Difficultly  volatile  or  non-volatile  salts,  such  as  silicates, 
borates,  and,  to  a  certain  extent,  phosphates,  hardly  cause  the 
flame  coloration.  In  these  cases  we  decompose  the  salts  in 
the  heat  of  the  gas  flame  itself,  forming  volatile  from  non- 
volatile compounds,  but  since  we  shall  not  make  such  experi- 
ments immediately,  their  description  may  be  postponed. 

All  volatile  salts  of  one  and  the  same  metal,  as  well  as  the 
metal  itself,  give  the  same  colour,  the  coloration  being  in  all 
probability  due  to  the  reduction  of  the  metal  from  its  salts  in 
the  flame  of  the  gas-lamp,  and  caused  by  the  vapour  of  the 
element  alone  (comp.  Section  III.  Spectrum  Analysis). 

Performance  of  the  experiment — The  substance  to  be  tested 
in  the  flame  of  the  gas-burner,  whether  in  solution  or  a  dry  salt, 
is  held  in  the  flame  by  means  of  a  platinum  wire,  the  end  of 
which  forms  a  small  loop.  The  observation  is  more  easily 
made,  and  the  colour  more  lasting,  when  solid  salts  are  em- 
ployed, as  more  substance  can  thus  be  used  than  the  solutions 
would  contain.  When  solutions  are  imder  examination,  there- 
fore, they  must  be  evaporated  before  the  test  is  made.  As 
regards  the  choice  of  volatile  salts  for  the  experiment,  it  is 
best,  as  experience  has  taught  us,  to  apply  the  sulphates,  the 
reaction  proceeding  more  smoothly  with  these  salts,  because,  as 
we  see  from  the  table,  they  are  the  least  volatile.  Potassium 
salts  colour  the  flame  violet,  sodium  yellow,  and  lithium 
carmine -red  (for  the  ammonium  salts  this  reaction  is  not 
important).  The  characteristic  flame  of  each  metal  is  discussed 
in  connection  with  the  special  reactions.  The  colour  is  easily  dis- 
tinguished by  the  eye  if  a  single  element  is  present,  but  varies 
in  a  mixture  of  two  or  more,  and  then  necessitates  a  thorough 
examination  of  the  flame.  The  flame  reactions  of  the  alkali 
metals  are  exceedingly  delicate,  being  caused  by  the  most 
minute  particles  of  the  substance.  Their  efficiency  can  be 
illustrated  by  the  fact  that  ordinary  dust,  which  contains  only 
a  minimum  quantity  of  sodium,  always  tinges  the  flame 
yellow. 

Stas  was  the  first  experimenter  to  remark  that  dust  invariably  con- 
tains sodium.  As  the  metal  is  therefore  distributed  about  in  the  air,  the 
colour  imparted  to  the  flame  by  other  metals  in  ordinary  experiments  is 
influenced  by  its  presence.  The  potassium  flame,  for  instance,  appears 
violet  only  because  and  when  the  test  is  made  in  presence  of  sodium.     If 
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cliemically  pare  potassium  salts  (Stas  experimented  with  the  chloride, 
chlorate,  and  perch]  orate)  he  examined  in  an  atmosphere  which  contains 
no  sodium,  the  flame  is  seen  to  he  hlue,  varying  from  a  dark  to  a  light 
shade  according  to  the  salt  volatilised. 

§  10.  Examination  of  the  Coloured  Flame. — Wheu 
caused  by  two  or  more  alkali  metals,  the  flame  coloration  is 
not  the  same  as  if  only  one  were  present.  Sodium,  even  if 
present  in  minute  quantities,  completely  hides  the  colour  of 
potassium  and  lithium,  and  the  flame  is  tinged  yellow ;  that  is, 
it  shows  only  the  colour  caused  by  sodium.  If  but  one  part 
of  sodium  is  mixed  with  two  hundred  of  potassium  or  one 
thousand  of  lithium,  the  colorations  due  to  the  latter  metals 
are  entirely  imperceivable.  In  order  to  apply  the  colour 
reactions  to  the  detection  of  the  alkali  metals,  more  than  one 
being  present,  we  pass  the  rays  of  light  through  a  blue  glass, 
or,  better  still,  through  a  blue  solution  of  indigo  in  sulphuric 
acid.  The  yellow  rays  of  sodium  are  by  these  means  entirely 
absorbed,  and  only  the  violet  and  carmine-red  of  potassium  and 
lithium  are  transmitted.  The  apparatus  for  carrying  out  the 
experiment  is  called  an  Indigo  Prism  (Bunsen).  The  latter  is 
a  wedge-shaped  bottle,  the  great  advantage  of  which  lies  in 
the  fact  that  it  presents  a  gently-increasing  layer  of  indigo 
solution.  If  the  non-luminous  flame  of  gas  be  observed  no 
colour  is  noticeable ;  seen  through  the  layer  of  indigo,  however, 
the  flame  appears  tinged  with  violet,  the  shade  of  which  must 
not  be  mistaken  for  that  of  potassium.  Observing  through 
the  indigo  prism  a  flame  tinged  by  sodium,  the  light  violet 
colour  of  the  flame  itself  is  seen  through  the  thin  layer,  while 
the  yellow  due  to  the  metal  is  entirely  absorbed.  The  carmine- 
red  of  lithium  is  visible  only  through  a  thin  layer,  its  rays 
growing  gradually  darker,  and  finally,  at  a  certain  thickness  of 
the  liquid,  disappearing  entirely.  The  point  where  the  lithium 
rays  vanish  is  accurately  marked  in  each  apparatus.  The 
flame  of  a  potassium  compound  appears  blue  (and  therefore 
like  the  colour  caused  by  potassium  in  an  atmosphere  free 
from  dust)  through  the  thin  layer,  changes,  in  proportion  to  the 
layer  which  it  pierces,  to  blue-violet,  violet,  or  violet-red,  and 
in  very  thick  layers  becomes  a  carmine -red.  It  is  difiBcult, 
however,  to  detect  potassium  in  the  presence  of  lithium  with 
such  an  apparatus,  and,   to  avoid  mistakes,  a  second  flame 
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should  be  placed  near  the  one  in  wliich  the  substance  is  being 
volatilised.  A  potassium  salt  alone  is  introduced  into  this 
additional  flame,  a  pure  potassium  flame  thus  being  obtained 
for  comparison.  The  difference  in  the  colour  due  to  the 
presence  of  lithium  is  easily  seen,  and  the  metal  cannot  be 
overlooked  if  present.  The  potassium  is  detected  by  observing 
the  flame  through  so  thick  a  layer  of  the  solution  that  the 
lithium  rays  are  not  transmitted.  In  order  to  show  the 
presence  of  all  three  alkali  metals,  we  make  two  experiments : 
(1)  the  mixture  of  the  salts  is  brought  into  the  flame,  and  the 
yellow  colour  observed  shows  the  presence  of  sodium;  (2) 
the  presence  of  potassium  and  lithium  is  shown  by  investi- 
gating the  flame  with  the  prism.  The  alkalies  can  be  much 
more  exactly  distinguished  by  examining  a  flame  coloured  by 
their  salts  through  the  spectroscope  (Sec.  III.)  This  is  the  only 
means  for  the  qualitative  detection  of  caesium  and  rubidium. 

It  must  be  remembered  that  the  flame  reactions  are  not  to 
be  confused  with  the  reactions  previously  learned.  The  latter 
are  a  means  of  separation,  and  allow  us  to  judge,  according  to 
the  measurement  by  the  eye  and  the  quantity  of  the  precipitate, 
whether  much,  little,  or  only  traces  of  this  or  that  metal  are 
present  in  the  solution.  The  colour  reactions,  not  only  of  the 
flame,  but  in  general,  which  can  be  caused  by  an  extremely 
small  quantity  of  the  respective  elements,  can  give  no  indica- 
tion as  to  how  much  of  the  metal  the  substance  under 
investigation  contains. 

Special  Eeactions 

We  have  learned  in  the  general  reactions  the  methods  of 
separating  the  alkali  metals.  The  special  reactions,  to  the 
study  of  which  we  now  turn,  serve  as  confirmatory  tests  for 
the  compounds  obtained  by  the  methods  of  separation,  the 
thoroughness  of  the  latter  thus  being  ascertained. 

Potassimn 

§  11.  Reactions  of  Potassium  Salts. — All  the  character- 
istic reactions  of  potassium  salts  have  already  been  mentioned ; 
from  their  number  let  us  again  refer  to  the  following : 

Acid  potassium  tartrate,  C^H^O^(OH)(OK)  (§  7).— Tartaric 
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acid,  or  acid  sodium  tartrate,  throws  down  from  a  cold  con- 
centrated and  neutral  solution  of  a  potassium  salt  a  white 
crystalline  precipitate  of  the  acid  salt,  which  is  soluble  in  acids 
or  alkalies. 

Potassium  platinichloride,K^VtCl^(^  8). — Platinum  chloride 
gives  in  a  concentrated  solution  a  yellow  crystalline  precipitate 
of  potassium  platinichloride.  The  reaction  is  more  delicate 
in  alcoholic  solution. 

Potassium  silicojltuynde,  K^SiF^. — Hydrofluosilicic  ficid, 
added  to  a  neutral  or  acid  solution  of  a  potassium  salt,  causes 
a  half- transparent  precipitate  of  KgSiF^,  which  is  distinctly 
visible  only  when  it  has  settled.  It  is  decomposed  to  potas- 
sium fluoride  and  silicon  fluoride  on  heating,  and  by  alkalies 
with  formation  of  silica. 

The  colouring  of  the  non-luminous  flame  (§  1 0). — Potassium 
salts  colour  the  flame  violet.  This  reaction  is  important  for 
the  qualitative  detection  of  the  metal.  The  dry  salt  or  the 
solution  is  brought  into  the  flame  of  the  gas-burner  by  means 
of  a  platinum  wire.  The  spectrum  of  potassium  is  described 
in  Section  III.     Sodium  salts  hide  the  flame  coloration. 


Sodium 

§  12.  Reactions  of  Sodium  Salts. — The  salts  of  sodium,  as 
well  as  sodium  itself,  are  less  volatile  than  those  of  potassium. 
Because  of  their  great  solubility  in  comparison  with  potassium 
salts,  characteristic  reactions  of  sodium  are  very  diflQcult  to 
find.  The  solubility  of  acid  sodium  tartrate  in  water,  and  that 
of  sodium  platinichloride  in  either  water,  alcohol,  or  ether,  have 
already  been  mentioned.  Potassium  pyroantimonate  is  almost 
the  only  reagent  which  precipitates  sodium  salts. 

Sodium  pyroantimonate,  Na^H^SbgOy  +  GH^O,  is  formed  as 
a  white  crystalline  precipitate  (quadratic  octahedra  on  slower 
crystallisation)  through  the  action  of  potassium  pyroantimonate 
upon  the  sodium  salts : 

KgHaSbjOy  +  2NaCl  =  Na^EgSbgOy  +  2Ka. 

Fremy,  who  discovered  this  salt,  called  it  the  metantimonate,  hardly 
a  correct  name.  Antimonic  acid  is,  in  a  certain  degree,  analogous  to 
phosphoric  acid  : 


24  ANALYTICAL  CHEMISTRY  group  I 

Phosphoric  Acid.  Antimonic  Acid. 

HjPO^.  HjSbO^. 

Pyrophosphoric  Acid.  Pyroantiinonic  Acid. 

2HsP04  -  HaO  =  H^PjO, .  2H,Sb04  -  H^O  =  Ufihfij. 

Metaphosphoric  Acid.  Metantimonic  Acid. 

HsPO^  -  H^O  =  HPO3.  HsSbO^  -  H2O  =  H  SbO- . 

The  sodium  salt  has,  without  doubt,  the  composition  Na2H2Sb207,  i.*., 
it  is  a  salt  of  pyroantimonic  acid,  and  Fremy  used  the  prefix  "  mcta " 
only  to  distinguish  it  from  the  salts  of  the  common,  or  "  ortho,"  antimonic 
acid  (as  we  say  stannic  and  metastannic  acids).  The  reagent,  the  potas- 
sium salt,  probably  has  a  similar  composition.  The  product  of  the 
fusion  of  potassium  nitrate  with  antimony  ore,  or  of  antimony  potassium 
tartrate,  has,  in  all  likelihood,  the  formula  K^SbgO^,  and  by  treatment 
with  water  it  is  changed  to  KgHgSbjjO^  and  2K0H.  It  must  be  noticed 
that  the  p}Toantimonate  is  sometimes  mistaken  for  the  salt  of  meta- 
antimonic  acid,  2NaSb03  +  7H20,  and  also  for  that  of  antimonic  acid, 
2NaH2Sb04  +  5H20;  the  question  obviously  depends  upon  the  amount 
of  water  of  crystallisation,  the  determination  of  which  in  this  case  is  very 
difficult. 

Sodium  pyroantimonate  is  diflScultly  soluble  in  either  cold 
or  hot  water  (requiring  at  100°  C.  300  parts  Hfi).  The  ' 
sodium  salt  acts  as  all  other  salts  of  pyroantimonic  acid,  being 
decomposed  by  acids  with  separation  of  a  white  amorphous 
precipitate  of  metantimonic  acid,  HSbOg.  Excess  of  potas- 
sium carbonate  hinders  the  reaction,  perhaps  through  the 
formation  of  a  soluble  double  salt  of  potassium  and  sodium. 
The  condition  of  the  reaction  is  the  presence  of  a  neutral  or 
slightly  alkaline  solution ;  too  alkaline  solutions  must  be 
neutralised  by  dilute  hydrochloric  or  acetic  acid;  acid  solu- 
tions, with  potassium  hydroxide  (ammonia  cannot  be  used,  as 
ammonium  pyroantimonate  is  difficultly  soluble).  It  is  still 
better  to  drive  off  free  acid  by  evaporation  and  ignition.  It 
must  be  remembered  that  in  this  case,  where  a  crystalline  pre- 
cipitate is  involved,  its  formation  may  not  immediately  take  place, 
though  it  can  be  hastened  by  scratching  with  a  glass  rod,  and 
it  is  therefore  convenient  to  make  the  test  upon  a  watch-ghiss. 
In  weak  solutions  rubbing  is  insufficient,  and  we  must  wait. 
If,  after  quietly  standing  for  twelve  hours,  no  precipitate  be 
formed,  it  is  safe  to  say  that  no  sodium  is  present.  We 
emphasise  again  that  the  precipitate  of  sodium  pyroantimonate 
must  be  crystalline ;  if  an  amorphous  precipitate  results  which 
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does  not  become  crystalline  on  standing,  it  is  impossible  to 
decide  the  presence  of  sodium  by  its  means. 

The  yellow  coloration  of  thejlame  is  exceptionally  character- 
istic of  sodium.  The  test  is  described  in  §  10.  An  orange- 
coloured  crystal  of  potassium  dichromate,  KgCr^Oy,  becomes 
colourless  and  transparent  imder  the  influence  of  these  rays ; 
paper  which  is  coloured  red  by  mercuric  iodide  appears  white, 
and  when  observed  through  a  green  glass  the  flame  seems 
orange-yellow.     It  is  a  most  delicate  reaction. 

Ammonium 
Review  of  the  Ammonium  Derivatives. — Ammonia  unitas  with 

acids  to  form  salts.  Before  passing  to  the  description  of  the  characteristics 
and  properties  of  ammonium  salts,  let  us  cast  a  glance  at  those  of  its 
compounds  which  occur  in  analysis.  By  the  action  of  ammonia  upon  the 
solutions  of  certain  neutral  metallic  salts,  an  ammonium  salt  results, 
which,  uniting  with  that  of  the  metal,  forms  a  double  salt,  such  as  the 
compound  MgClj .  2NH^C1.  The  ability  to  give  such  soluble  double  salts 
with  ammonia  is  characteristic  of  magnesium  (Group  II.  Div.  2) ;  of 
ferrous  iron,  manganous  manganese  and  zinc  (Group  IIL  Div.  2)  ;  of 
nickel  and  cobalt  (Group  III.  Div.  3) ;  and  of  silver,  copper,  and  cad- 
mium (Group  IV.)  In  addition  to  these  double  salts,  which  possess  in 
many  respects  the  properties  of  the  simple  ammonium  salts,  metallo- 
animonium  compounds  are  formed  by  the  action  of  ammonia  or  ammonium 
carbonate  upon  the  salts  of  certain  metals.  In  these  compound  ammonias 
one  or  more  atoms  of  the  hydrogen  of  the  ammonia  is  displaced  by  metals. 
Such  ammonias  can  form  salts  ;  the  latter  can  also  be  considered  as  a  pro- 
duct of  the  direct  union  of  ammonia  with  metallic  salts.  So,  for  instance, 
(NH3Hg)2Cl2  is  the  formula  of  a  compound  ammonia,  while  Hg2Cl2  + 
2NH3  represents  the  same  compound  as  a  product  of  the  union  of  am- 
monia with  mercurous  chloride.  The  metallo- ammonium  compounds 
usually  give  off  ammonia  on  boiling  with  alkalies.  Soluble  metallo- 
ammonium  compounds  are  characteristic  of  cobalt,  silver,  cadmium, 
copper,  platinum,  etc.     Mercury  forms  compounds  insoluble  in  water. 

§  13.  Reactions  of  Ammonium  Salts. — Their  voUdUity, — 

The  salts  of  ammonium  are  very  similar  to  those  of  potassium 
and  sodiimi  (their  crystals  are  in  most  cases  isomorphous),  but 
are  easily  distinguished  from  the  latter  by  their  extreme 
volatility.  They  begin  to  volatilise  even  at  a  low  temperature 
(about  350°  C),  some  without  apparent  decomposition  (the 
chloride,  sulphate,  carbonate),  and  some  being  decomposed 
(nitrate,  phosphate). 

It  may  be  well  to  study  these  reactions  more  carefully.     As  already 
mentioned,  the  ammonium  salts  volatilise  with  the  following  phenomena  : 
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(1)  Without  visible  decomposition  taking  place.  Under  the  influence  of 
a  high  temperature  ammonium  salts  of  volatile  acids  dissociate  into  am- 
monia and  acid,  but  these  products  immediately  reunite  upon  cooling, 
with  formation  of  a  white  cloud.  As  an  example  let  us  mention  the 
chloride  or  carbonate : 

NH4CUNH3+HCL 

(2)  The  salts  of  non-volatile  acids  dissociate,  ammonia  being  given  off  and 
the  non- volatile  acids  remaining  behind.  For  example,  ammonium 
phosphate  : 

(NHJaPO^ = SNHj  +  H,P04. 

(3)  The  ammonium  salts  of  acids  rich  in  oxygen  (nitric,  chromic,  chloric, 
etc.)  are  decomposed  on  heating,  ammonia  oxidising  to  water  and  nitrogen 
or  its  oxides  : 

NH4NOj=N20  +  2H20. 

Upon  this  property  of  volatilisation  is  based  the  separation 
of  ammonium  salts  in  both  qualitative  and  quantitative  estima- 
tions. In  qualitative  analysis  we  evaporate  the  solution  from 
which  an  ammonium  compound  is  to  be  separated  to  dryness 
in  a  porcelain  dish  and  then  ignite  in  the  same  vessel  The 
ammonium  salts  volatilise  in  the  form  of  a  thick,  white  cloud, 
and  when  the  evolution  of  the  fumes  ceases  the  salts  can  be 
considered  as  completely  driven  off.  This  operation  should  be 
carried  out  only  imder  a  hood. 

The  similarity  of  the  ammonium  salts  to  those  of  the  alkali 
metals  permits  the  use  of  the  same  reagents  for  the  detection 
of  all.  The  volatilising  ammoniimi  salts  give  a  slight  violet 
tinge  to  the  gas  flame,  but  this  reaction  is  not  important. 

Acid  anwwmum  tartrate,  C^H^O^(OHXONH^,  (§  7), 
has  the  same  properties  as  the  corresponding  potassium  salt. 
Tartaric  acid  produces  a  crj'stalline  precipitate,  though  with 
difficulty,  and  only  in  very  concentrated  solutions ;  with  acid 
sodium  tartrate  the  reaction  is  more  easily  secured.  It  is  not 
used  as  a  test  for  ammonium  salts. 

Ammonium  platinichloride,  (^'K^^tCl^,  (§  8). — Platinum 
chloride  produces  in  the  solutions  of  ammonium  salts  a 
yellow  precipitate  with  properties  similar  to  those  of  potassium 
platinichloride. 

Generation  and  Reactions  of  Ammonia. — ^The  chief 
characteristic  of  ammonium  compounds  is  their  power  of  easily 
evolving  ammonia  when  acted  upon  by  the  alkalies  or 
hydroxides  of  the  alkaline  earths : 
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2NH4CI  +  Ca(0H)2  =  2NH3  +  CaClg  +  2H2O. 

Although  the  reaction  goes  on  in  solution  even  at  the 
ordinary  temperature,  it  nevertheless  proceeds  slowly,  and 
some  time  is  needed  for  its  completion ;  warming  hastens  it. 
Potassium  hydroxide  or  calcium  hydroxide  is  added  in  a  test- 
tube  to  the  ammonium  salt,  or  to  the  solution  to  be  investi- 
gated, and  the  mixture  warmed.  Ammonia  is  inmiediately 
given  off. 

The  test  for  free  ammonia  is  made  by  bringing  the  proper 
reagent  into  the  neck  of  the  test-tube  in  which  the  ammonium 
salt  is  being  decomposed  by  the  alkali.  If  the  test-tube  be 
joined  to  a  tube  forileading  off  the  gas,  the  test  is  made  at  the 
end  of  the  latter.  The  ammonia  evolved  is  easily  detected, 
possessing  a  strongly-marked  odour.  This  characteristic  can  be 
made  use  of  only  if  suflBcient  ammonia  is  formed,  however,  and 
there  are  many  still  more  delicate  reactions.  When  dissolved 
in  water,  ammonia  gives,  as  we  know,  a  strongly  alkaline 
reaction;  if  moistened  litmus  or  turmeric  paper  be  held  over 
the  vessel  while  the  experiment  is  being  made,  the  observation 
of  an  alkaline  reaction,  in  which  litmus  paper  turns  blue  or 
turmeric  paper  brown,  indicates  the  presence  of  ammonia  in 
the  substance  investigated.  This  method  is  applicable  even  in 
cases  where  only  traces  of  ammonia  are  present.  The  test  is 
made  either  at  the  ordinary  temperature  or  at  a  gentle  heat. 
The  vessel  is  covered  by  a  watch-glass,  to  the  imder  side  of 
which  is  fastened  a  previously  moistened  piece  of  litmus  paper ; 
if  the  vessel  be  allowed  to  stand  for  a  short  time,  the  alkaline 
reaction  of  tlie  paper  becomes  visible  in  the  presence  of  even 
traces  of  ammonia.  A  glass  rod  moistened  with  any  volatile 
acid,  such  as  hydrochloric,  nitric,  or  acetic,  and  held  over  the 
vessel  in  which  the  gas  is  being  evolved,  will  be  surrounded  by 
a  thick,  white  cloud,  which  consists  of  an  ammonium  salt  non- 
volatile at  the  ordinary  temperature.  It  is  advisable  to  use 
acetic  acid  in  the  experiment,  as  concentrated  hydrochloric  acid 
itself  fumes  in  the  air.  Paper  which  is  moistened  with 
mercurous  nitrate  becomes  gray  or  almost  black  in  the 
vapour  of  ammonia  gas,  owing  to  the  formation  of  a  di- 
mercuro-ammonium  salt  which  is  black.  With  an  excess  of 
ammonia  it  easily  passes  over  into  mercuric  oxide,  whereupon 
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metallic  mercury  separates  out  and   the  precipitate   becomes 

gray: 

Hg2(N03)2  +  2NHg  =  HggNHaCNOg)  +  NH^CNOg). 

In  this  experiment  caution  must  be  taken  that  no  drops  of  the 
boiling  liquid  come  upon  the  paper ;  if  this  occur,  the  potassium 
hydroxide  which  sets  free  the  ammonia  will  likewise  stain  the 
jmper,  through  the  formation  of  black  mercurous  oxide : 

Hg2(N03)2  +  2K0H  =  HggO  +  2KNO3  +  ^2^' 

For  ordinary  analyses  the  given  reactions  amply  suffice  ;  but  in  some 
cases,  such  as  the  testing  of  natural  waters,  we  use  mercuric  chloride,  HgCl2, 
for  detecting  ammonia,  with  which  it  forms  a  white  precipitate  even  in 
very  dilute  solutions : 

4NH3  +  2HgCl2 = (NH2Hg2)Cl2 + iSU^Ql. 

In  such  cases  the  double  salt  of  mercuric  iodide  and  potassium  iodide, 
HgKgl^  (Nessler's  reagent ;  in  preparing  it  an  excess  of  potassium  iodide 
is  to  be  avoided),  may  also  be  used.  In  the  presence  of  potassium  hydroxide 
this  reagent  produces  a  brown  precipitate  of  dimercuriammonium  iodide, 
NHg^I .  HgO,  with  either  free  ammonia  or  ammonium  salts  : 

2HgK2T4  +  3K0H  +  NH3 = NHg^I .  H2O  +  7KI  +  2H2O. 

Traces  of  ammonia  give  no  precipitate,  but  the  solution  assumes,  according 
to  the  quantity  of  ammonium  salts  present,  a  yellow  or  an  orange-red 
colour  of  various  shades.^ 

SYSTEMATIC  OOUBSE  OF  QUALITATIVE  ANALYSIS 
FOB  METALS  OF  THE  FIRST  GROUP 

§  14.  Ha\dng  learned  the  general  and  special  reactions, 
we  now  turn  to  their  combination,  in  order  to  work  out  a 
systematic  coui'se  of  analysis.  In  the  following  groups  this 
task  will  be  left  to  the  student  himself 

Let  us  first  see,  in  general,  whether  it  is  necessary  to 
combine  reactions  for  this  so  simple  a  group.  The  need  of  a 
combination  results  from  the  insufficiency  of  the  colour-reactions 
alone,  which,  although  pointing  out  the  presence  of  the  alkali 
metals  without  a  separation,  still  do  not  answer  all  the  questions 
of  analysis.  We  usually  make  a  qualitative  examination  with 
the  view  of  utilising  the  results  in  quantitative  analysis.     In 

'  It  is  recommended  to  the  beginners  not  to  study  practically  the  reactions 
which  are  printed  in  small  type,  since  they  relate  only  to  special  cases.  They  are 
for  this  reason  not  fully  described,  but  noticed  merely  that  he  may  better  under- 
stand more  imj)ortant  tests. 
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this  case  the  former  becomes  of  the  utmost  importance,  in 
giving  an  insight  into  the  relative  quantities  of  the  several 
constituents  of  which  the  compound  is  made  up.  These » 
questions  cannot  be  answered  by  the  colour  reactions,  and  the 
latter  alone  are  therefore  insufficient.  They  are  chiefly  used 
for  confirming  the  results  of  the  examination.  The  questions 
are  decided  by  observing  the  precipitation,  from  which,  according 
to  the  quantity  of  the  precipitate,  the  amount  of  the  constituent 
(more,  less,  or  traces)  can  be  determined  by  the  eye. 

As  precipitation  methods  are  therefore  necessary,  we  can- 
not do  without  their  combination,  because  of  the  similarity  of 
the  salts  of  all  the  alkali  metals  in  this  regard.  If  we  turn 
our  attention  to  the  reactions  to  be  employed,  we  see  that  both 
tartaric  acid  and  platinum  chloride  give  precipitates  with 
either  potassium  or  ammonium  salts :  potassium  pyroantimon- 
ate  throws  down  the  sodium  and  ammonium  compounds ;  and 
we  also  notice  that  a  potassium  salt  is  here  used  as  a  reagent. 
No  matter  how  we  apply  these  reagents,  it  is  impossible  to 
recognise  any  one  metal  without  its  previous  isolation ;  and 
the  necessity  of  separating  some  one  of  the  group,  and  thus 
simplifying  the  question  next  to  be  solved,  is  clear. 

Since,  if  we  apply  the  reactions  mentioned  above,  the 
correctness  of  the  analysis  is  not  affected  by  the  choice  of  the 
metal  to  be  separated  (this  the  student  must  determine  for 
himself),  we  get  rid  of  the  one  which  can  be  separated  the 
most  easily,  viz.,  ammonium.  As  this  separation  is  to  be  made 
before  all  others,  we  must  satisfy  ourselves  as  to  whether 
ammonium  salts  are  present  in  the  substance  to  be  analysed. 
The  first  operation  is,  therefore,  to  test  for  ammonia  by  liberat- 
ing it,  if  present,  in  a  separate  portion  of  the  substfince,  as 
explained  in  §  13.  A  special  portion  must  be  used,  in 
order  to  be  able  to  employ  any  desired  base  for  the  libera- 
tion of  the  ammonia.  If  the  entire  solution  is  taken,  neither 
sodium  nor  potassium  hydroxide  is  available,  as  their  use 
would  introduce  into  the  solution  elements  which  must  be 
looked  for  in  the  following  steps  of  the  analysis.  The  use  of 
barium  or  calcium  hydroxide  is  rendered  troublesome  by  the 
necessity  of  removing  the  excess ;  and  this  is  unavoidable,  as 
both  metals  form  insoluble  salts  with  either  tartaric  acid  or 
sodium   pyroantimonate.      All   of  these  difficulties  are  sur- 
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• 

mounted  by  using  a  separate  portion  for  the  detection  of 
ammonium,  and  this  plan  is  often  used  in  analogous  cases  in 
qualitative  analysis.  If  ammonia  is  found,  it  must  be  removed 
by  evaporating  the  original  solution  to  dryness  and  igniting 
the  residue  (§  13). 

The  ignited  residue  is  dissolved  in  a  small  quantity  of 
water.  As,  when  ammonium  salts  in  the  dry  state  are  ignited 
with  the  alkali  metals,  double  decomposition  often  ensues 
(compare  Group  I.,  Supplement  3),  the  solution  obtained  after 
ignition  can  show  any  one  of  the  three  possible  reactions — acid, 
neutral,  or  alkaline.  A  neutral  solution  will  be  obtained  if  the 
original  solution  conUiined  only  similar  compounds  (such  as 
the  chlorides,  sulphates,  etc.) ;  an  alkali  solution,  either  if 
alkali  salts  which  on  ignition  decompose  with  the  formation 
of  their  ciirbonates  were  present,  or  if  it  contained  neutral 
salts  and  an  excess  of  ammonium  carbonate.  An  acid  solution, 
finally,  will  result  from  the  presence  of  a  large  quantity  of  the 
ammoniimi  salts  of  a  non-volatile  acid  (phosphate,  borate,  etc.), 
and  also  from  that  of  free  acids  or  acid  salts.  After  testing 
the  solution  with  litmus  paper  and,  if  necessary,  neutralising, 
one  separate  portion  is  examined  for  potassium  with  tartaric 
acid,  and  another  for  sodium  with  potassium  pyroantimonate, 
the  conditions  given  in  §§  7  and  12  being  carefully  observed. 
The  necessity  of  dividing  the  solution  results  from  the  fact 
that  if  tartaric  acid  be  first  added  as  a  test  for  potassium,  the 
subsequent  use  of  potassium  pyroantimonate  is  forbidden,  since 
the  latter  is  decomposed  by  acids ;  on  the  other  hand,  should 
we  wish  to  begin  with  the  sodium  test,  it  would  be  impossible 
to  detect  potassium,  as  a  salt  of  that  metal  has  already  been 
employed  as  a  reagent.  With  the  precipitates  confirmatory 
tests  are  made,  in  which  the  properties  of  the  compounds 
explained  in  the  special  reaction  of  the  metals  are  examined. 

The  systematic  scheme  of  analysis  is  thus  naturally 
arranged.  As  we  see,  there  is  no  other  choice  of  reactions, 
and,  indeed,  their  arrangement  cannot  be  modified  without 
influencing  the  correctness  of  the  results.  The  systematic 
course  is  not  only  a  method  of  analysis  practically  worked  out, 
but  is  the  necessary  result  of  the  properties  of  the  compounds 
reacting  upon  each  other  and  resulting  from  the  reaction. 
The  need  of  grasping  and  imderstanding  the  correct  methods 
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for  elaborating  a  systematic  scheme  gives  rise  to  one  of  the 
chief  objects  for  which  we  strive  in  the  practice  of  analytical 
chemistry. 

The  application  of  platinum  chloride  in  qualitative  analysis 
is  seldom  necessary,  and  we  have,  therefore,  not  considered 
this  reagent  in  the  scheme  developed.  We  may  mention  here 
that  in  the  second  group  a  slight  variation  from  the  course  of 
analysis  is  necessitated  if  the  metals  of  the  second  group  occur 
together  with  those  of  the  first  in  the  substance  to  be 
examined. 

The  student  is  advised  to  prepare  himself  mixtures  of  the 
salts  of  the  first  group  metals,  and,  after  their  analyses 
have  been  rightly  made,  to  test  his  knowledge  with  unknown 
mixtures  of  the  same  group. 

Supplement 


EUBIDIUM,  OJESIUM,  LITHIUM 

§  15.  Beactions  of  Bubidinm  and  OseBium  Salts. — The  alkah 
metals  are  always  accompanied  in  nature  (sometimes  in  minerals,  as 
lepidolite,  sometimes  in  springs)  by  very  small  quantities  of  rubidium 
and  caesium.  The  latter  occurs  in  significant  amounts  only  in  the 
mineral  pollux  (aluminium -ccesium  silicate).  These  metals  and  their 
compounds  show  a  great  similarity  to  those  of  the  alkalies  ;  their  acid 
tartrates  are  likewise  difficultly  soluble,  though  the  ccesium  salt  dissolves 
more  easily  than  that  of  potassium,  and  the  platinichlorides  are  also 
thrown  down  as  yellow  precipitates,  being,  in  fact,  less  soluble  than 
potassium  platinichloride.  They  are  detected  by  means  of  the  spectrum 
analysis  of  the  flame  coloured  by  their  salts,  this  being  the  only  method 
by  which  these  metals  can  at  present  be  distinguished  from  others  of  the 
same  group.  (The  description  of  their  spectra  occurs  in  Section  IIL)  The 
salts  of  rubidium  colour  the  flame  violet,  and  those  of  caesium,  blue- 
violet  Accurate  methods  for  separating  them  either  from  each  other 
or  from  potassium  are  unknown.  The  methods  of  preparing  their  salts 
depend  upon  the  difference  between  the  solubility  of  the  latter  and  that 
of  the  analogous  potassium  compounds. 

The  preparation  of  mhidium  and  casium  salts.  For  their  separation 
from  other  metals,  for  example,  in  the  mother -liquors  of  springs  or  in 
lepidolite,  the  alkali  metals  are  precipitated  by  platinum  chloride.  On 
methodical  digestion  of  the  precipitate  with  water  the  platinichlorides  of 
rubidium  and  caesium,  which  are  less  soluble  than  the  potassium  salt,  re- 
main behind  in  a  fairly  pure  state,  and  are  then  converted  to  the  chlorides 
by  gentle  ignition  (100  parts  of  water  dissolve  at  100*  C.  6-13  parts 


82  ANALYTICAL  CHEMISTRY  group  i 

KgPtClg,  0-46  i>art8  Rb^PtGI^,  and  only  0077  parts  CsPtClg).  Instead 
of  the  platiuichlorides  the  alums  can  be  employed,  as  potassium  alum  is 
less  soluble  and  the  first  to  crystallise  from  the  solution.  The  disappear- 
ance of  the  potassium  salt  is  shown  by  the  spectroscope.  The  separation 
of  caesium  from  rubidium  was  based,  in  former  methods,  upon  the 
solubility  of  csesium  carbonate  and  the  insolubility  of  rubidium  carbonate 
in  alcohol.  A  new  means  is  the  precipitation  of  ca?sium  in  the  form  of 
a  double  chloride  with  antimony  chloride,  CsSbCl^ ;  this  compound  is 
insoluble  in  strong  hydrochloric  acid  (like  the  ammonium  compound), 
while  the  rubidium  salt  is  soluble.  This  last  reaction  can  be  used  as  a 
qualitative  test  for  caesium  when  occurring  with  rubidium. 


LitMum 

Reactions  of  Lithium  Salts. — Lithium  also  accompanies  the  alkali 
metals  (chiefly  in  the  minerals  lepidolite,  spodumene,  petalite,  and 
triphylite).  The  most  common  lithium  mineral  is  lepidolite  (lithium 
mica).  In  its  chemical  character  lithium  forms  the  connection  between 
the  alkali  metals  and  those  of  the  second  group.  As  has  been  previously 
remarked,  the  acid  lithium  tartrate  is  easily  soluble  in  water,  and  the 
platinichloride  in  both  alcohol  and  ether.  The  difficult  solubility  of 
lithium  oxide,  carbonate,  and  phosphate  in  water  is  the  chief  charac- 
teristic of  this  metal  The  carbonate,  thrown  down  from  a  cold  concen- 
trated solution  by  sodium  carbonate,  is  a  white  precipitate.  The  phosphate, 
Li^PO^,  is  precipitated  as  a  white  crystalline  powder  on  boiling  with 
sodium  phosphate.  This  salt,  as  well  as  the  solubility  of  lithium  chloride 
and  nitrate  in  alcohol  and  ether,  is  made  use  of  as  a  means  of  separating 
this  metal  from  the  other  alkalies.  The  colour  of  its  flame  is  carmine- 
red,  and  affords  a  very  characteristic  reaction  for  lithium.  Its  spectrum 
is  described  in  Section  III. 


Analysis  of  the  compounds  of  the  alkali  metals  found  in  nature, — 
Potassium  and  sodium  are  very  widely  spread  in  nature,  chiefly  as  com- 
plicated compounds,  the  analysis  of  which  will  be  more  accurately 
described  later.  Thus  we  find  in  silicates  both  potassium  (in  feldspar, 
mica)  and  sodium  (albite,  labradorite).  Both  are  found  among  the 
products  of  the  gradual  decomposition  of  rock  systems.  Potassium  also 
occurs  in  clay,  in  soils,  and  in  the  ashes  of  plants.  The  analysis  of  these 
complicated  substances  will  be  considered  later  (among  the  silicates). 
Sea  water  contains  chiefly  sodium  chloride,  but  also  small  quantities  of 
potassium  salts,  and  salt  deposits  have  been  derived  from  this  source.  In 
Stassfurt,  in  the  upper  layers  of  rock  salt,  we  find  one  of  the  few  simple 
minerals  of  potassium,  viz.,  camallite,  KMgClg.  All  of  these  compounds 
are  soluble  in  water,  and  can  therefore  be  analysed  according  to  the 
method  given  for  the  first  group.  The  analysis  of  cryolite,  NaAlF^,  is 
described  Tinder  Fluorine  (Section  II.) 
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Application  of  the  alkali  metals  in  analyns, — As  the  alkali  hydroxides 
and  salts  are  soluble  in  water,  they  are  much  used  as  a  means  of  forming 
insoluble  compounds  of  the  other  metals  (oxides  and  salts).  The  reaction 
is  obtained  by  double  decomposition  : 

CUSO4 + 2K0H = Cu(OH)j + KaS04 , 
ZnS04 + KaCOj = ZnCOj  +  KaSOi . 

We  should  mention,  concerning  the  reactions  of  the  hydroxides,  that 
in  the  precipitation  of  the  oxides  of  any  metals  which  can  form  compounds 
with  the  alkalies,  the  oxide  thrown  down  dissolves  in  excess  of  the 
reagent  to  a  compound  soluble  in  water : 

KOH  +  A1(0H)3 = KAIO, + 2H2O. 

This  class  of  oxides  is  composed  of  AlgOg,  CrgOg,  ZnO,  PbO,  SnO,  SnOg, 
SbgOg,  SbgOg,  AugOg,  PtOg.  The  reactions  of  the  hydroxides  and  the 
carbonates  can  also  serve  other  purposes,  viz.,  to  convert  insoluble  salts 
of  any  acid  into  salts  (of  alkalies)  which  are  soluble  : 

SrSO* + K^CO,  =  SrCOj + KJSO4  • 

The  insoluble  salts  are  treated  with  the  alkali  carbonate  either  in 
solution  or  by  fusion  :  by  boiling  the  salt  with  an  alkali  carbonate  the 
sulphates  of  barium,  strontium,  and  calcium,  which  are  insoluble  in 
water,  and  the  insoluble  oxalates,  chlorides,  iodides,  and  bromides  can  be 
decomposed  ;  silicates,  phosphates,  borates,  sulphides,  etc,  are  decomposed 
by  fusion.  In  the  last  case  we  employ  a  mixture  of  potassium  and  sodium 
carbonates,  which  fuses  more  easily  than  sodium  carbonate  alone.  The 
sodium  salt  is  in  all  reactions  preferable  to  that  of  potassium  because  of 
its  greater  purity.  The  carbonates  are  more  rarely  used  in  the  preparation 
of  elements  (such  as  mercuryX  sometimes  mixed  with  carbon  (copper),  or 
with  potassium  cyanide  (bismuth,  tin,  arsenic,  antimony).  The  use  of 
"  Berthollet's  salt,''  KCIO3,  as  well  as  of  the  nitrates,  as  an  oxidising 
agent  is  described  under  the  corresponding  acids.  The  other  salts  of  the 
alkali  metals,  almost  all  of  which  are  soluble  in  water,  are  employed  in 
the  preparation  of  salts  insoluble  in  water,  or  of  other  metals. 

Since  ammonia  and  its  carbonate  show  great  similarity  to  the  com- 
pounds of  the  alkali  metals,  they  are  often  substituted  for  these,  especially 
in  quantitative  work,  on  account  of  the  ease  with  which  they  are  purified 
and  driven  off  by  ignition.  Ammonium  carbonate  is  used  in  the  estima- 
tion of  the  alkalies  as  their  sulphates.  The  acid  salts  are  thus  readily 
converted  to  the  neutral  salts,  the  ammonium  carbonate  being  partially 
decomposed  at  the  same  time,  with  formation  of  the  likewise  volatile 
ammonium  sulphate : 

2KHSO4  -I-  (NH4)aC03  =  K2SO4  +  (NH4)aS04  +  CO2 + H2O. 

By  the  action  of  ammonium  carbonate,  at  high  temperatures,  the  oxides 
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of  certain  metals  (those  of  the  second  group)  are  easily  converted  into 
carbooates  (comp.  Determination  of  calcium) : 

CaO  +  (NH4)jC03 = CaCOj + 2NH8 + H,0. 

For  the  same  purpose,  and  under  the  same  conditions,  a  few  other 
ammonium  salts  are  used  ;  for  example,  NH^NOg,  to  convert  basic  mag- 
nesium nitrate  into  the  neutral  salt.  We  have  still  to  mention  the 
application  of  ammonium  sulphide  as  a  precipitant  for  the  metallic 
sulphides,  and  its  power  of  forming  thio-compounds,  soluble  in  water, 
with  the  sulphides  of  gold,  arsenic,  antimony,  tin,  platinum,  etc 


GEOUP   II 

MAGNESIXTM,  OALOIUM,  STBONTIUM,  BARXUM 

§  16.  The  solubility  of  the  sulphides  and  the  insolubility 
of  the  carbonates  in  water  characterise  this  group  of  metals. 
Ammonium  carbonate  is  its  general  reagent. 

This  group  embraces  metals  dissimilar  in  their  properties ;  the 
chemical  nature  of  magnesium  is  very  different  from  that  of  the  three 
other  elements.  Magnesium  belongs  to  the  natural  group  of  which  zinc, 
cadmium,  etc,  are  members.  Keserving  till  later  the  discussion  of  the 
properties  of  the  single  metals,  I  may  here  point  out  their  variations, 
some  of  which  form  regular  series.  The  solubility  of  the  hydroxides  is 
the  greatest  in  barium,  and,  gradually  diminishing  through  strontium  and 
calcium,  becomes  almost  nil  in  magnesium  hydroxide.  Magnesium  sulphate 
and  chromate  dissolve  easily  in  water ;  the  solubility  becomes  less  in  the 
calcium  and  strontium  salts  ;  and  barium  sulphate  and  chromate  are 
insoluble.  The  carbonates  form  a  like  series  in  regard  to  the  ease  with 
which  they  lose  carbonic  acid,  from  the  exceptionally  great  instability  of  the 
magnesium  salt  to  the  almost  absolute  stability,  even  at  a  white  heat^ 
of  that  of  barium.  The  nitrates  and  chlorides  are  all  easily  soluble  ia 
water. 

Determination  of  the  Divisions. — Magnesium  is  sharply- 
distinguished  from  the  other  three  members  by  its  power  of 
forming  soluble  double  compoimds  with  ammonium  salts.  In 
presence  of  ammonium  salts  in  general,  for  example,  in  that  of 
ammonium  chloride  and  ammonia,  ammonium  carbonate  does  not 
precipitate  magnesiiun  as  its  carbonate.  This  important  re- 
action will  be  more  fully  considered  under  magnesium;  it 
forms  the  basis  for  the  separation  of  this  group  into  divisions. 
Eemembering  the  general  definition  given  above  for  the  group^ 
we  formulate  the  divisions  as  follows  : 
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Ist  Division :  Barium,  Strontium,  Calcium. — ^These  metals 
are  precipitated  as  carbonates  by  ammonium  carbonate  in  the 
presence  of  ammonium  chloride  and  ammonia. 

2nd  Division. — Magnesium  is  not  thrown  down  by  am- 
monium carbonate  in  the  presence  of  ammonium  chloride  and 
ammonia,  forming  soluble  ammonium  magnesium  double 
salts. 

Remark. — Test- tubes  can  be  used  for  most  of  the  reactions  which 
are  employed  in  the  study  of  this  group.  The  examination  of  the  com- 
pounds obtained,  however,  is  much  more  complicated  than  that  of  the 
salts  of  the  metals  of  Group  I.,  and  requires  familiarity  with  a  greater 
number  of  operations. 

Precipitation^  in  case  the  precipitate  is  apt  to  be  bulky,  is  performed 
in  a  beaker ;  if  the  solution  must  be  boiled  at  the  same  time  a  porcelain 
casserole  is  still  better. 

Filtration, — By  this  operation  the  solution  is  separated  from  the 
insoluble  precipitate.  The  liquid  is  allowed  to  run  through  a  filtery  made 
of  unsized  paper,  which  retains  the  precipitate.  If  the  latter  is  to  be  sub- 
sequently examined,  a  smooth  filter,  prepared  by  folding  a  circular  piece 
of  filter  paper  into  a  quadrant,  is  used.  The  filter  is  inserted  into  a  glass 
funnel,  where  it  is  opened  out  so  that  three  thicknesses  of  paper  remain  on 
one  side,  and  only  one  on  the  other.  It  is  then  thoroughly  moistened 
and  pressed  tightly  against  the  sides  of  the  funnel.  The  latter  must  be 
of  such  a  size  that  the  edge  of  the  filter  will  be  at  least  half  an  inch  below 
its  rim.  "  Ribbed  filters "  can  be  employed  only  when  the  filtrate  alone 
requires  examination,  since  precipitates  cannot  be  washed  upon  them. 
They  are,  nevertheless,  convenient  whenever  their  use  is  permitted,  as  the 
filtration  thus  proceeds  much  more  rapidly  than  when  the  smooth  sort  is 
employed.  The  funnel  is  held  in  a  ring  attached  to  a  standard.  The 
filtration  must  not  be  commenced  before  the  precipitate  has  fully  subsided. 

The  vxishing  of  the  precipitate, — ^After  the  filtration  proper  has  been 
completed,  the  precipitate  still  retains  a  porticm  of  the  liquid  from  which 
it  was  deposited,  to  remove  all  traces  of  which  the  precipitate  must  be 
washed.  The  water,  or  the  liquid  in  general,  with  which  the  washing  is 
effected,  is  delivered  from  a  so-called  wash-bottle  ;  the  filter  is  filled  to  its 
edge  and  the  liquid  added  allowed  to  pass  through  the  precipitate  ;  this 
operation  being  repeated  until  the  washing  is  finished.  Washing  a  pre- 
cipitate is  one  of  the  most  in^portant  operations  of  analytical  chemistry. 
It  must  not  be  considered  thorough  until  the  filtered  liquid  has  been  ex- 
amined. If  the  precipitate  is  insoluble,  as  is  usually  the  case,  a  drop 
from  the  end  of  the  funnel  is  caught  on  a  piece  of  platinum  foil  and 
evaporated  to  dryness ;  if  no  residue  remains  the  washing  is  complete. 
In  case  such  a  test  cannot  be  made  the  thoroughness  of  the  washing  must 
be  judged  from  the  quantity  of  water  or  liquid  used.  If  the  above 
directions  are  followed  the  filter  need  usually  be  filled  only  five  or  six 
times. 

Decantation, — If  the  precipitate  subsides  quickly  after  being  thrown 
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down,  decantatioii  may  be  substitated  for  filtration.  The  sapematant 
liquid  is  here  simply  poured  off  by  inclining  the  vessel  or  through  a 
syphon.  Water  (or  the  proper  liquid)  is  then  added,  the  precipitate 
vigorously  stirred  about  and  allowed  to  subside  again,  and  the  liqaid 
again  decanted,  the  operation  being  repeated  as  many  times  as  is 
necessary.  Decantation  is  sometimes  resorted  to  in  connection  with 
filtration. 


GEOUP  II.,  DIVISION  1 

BABIUM,   STBONnUM,  OALOIUM 

The  solubility  of  the  sulphides  and  the  insolubility  of  the 
carbonates  mark  the  metals  of  the  second  group.  Its  first 
division  is  especially  characterised  by  the  fact  that  it  forms  no 
soluble  double  salts  with  ammonium  compounds,  the  carbonates 
being  precipitated  by  ammonium  carbonate  in  the  presence  of 
ammonium  chloride  and  hydroxide. 

General   Eeactions 

§  17.  In  this  group,  and  to  a  still  greater  extent  in  the 
following  groups,  the  reactions  become  more  complicated  and 
the  properties  of  the  compounds  used  in  analysis  more  varied. 
In  beginning  their  study  we  must,  before  all,  ascertain  the  ana- 
lytical importance  of  the  reactions,  since  not  all  have  the  same 
weight.  The  most  important  reactions  must  be  thoroughly 
studied.  The  importance  of  a  reaction  is  determined  by  its 
employment  in  analysis.  The  reactions  can  be  divided  into 
two  classes :  those  by  which  the  qualitative  characteristics  of 
the  chemical  compound  are  tested,  and  those  used  for  the 
separation  of  single  elements,  or  of  entire  groups,  from  one 
another.  Qualitative  reactions  are  studied  only  with  the  view 
of  being  able  to  apply  them  under  all  circumstances,  without 
requiring  that  the  whole  of  the  chemical  compound  be  involved. 
Eeactions  used  in  separations,  however,  must  be  complete, 
that  is,  all  the  substance  taken  must  enter  into  the  reaction. 
They  would  otherwise  be  uselessly  employed.  The  complete- 
ness of  the  reaction  must  be  ascertained  by  a  confirmatory  test 
in  each  and  every  experiment.  The  student  obtains  in  this 
way  both  a  thorough  knowledge  of  the  reactions  and  confidence 
in  the  methods  of  separation.      The  character  of  the  various 
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reactions  and,  when  necessary,  the  proper  confirmatory  tests 
will  be  explained  throughout  the  description  of  Group  II. ;  in 
subsequent  groups  it  will  be  left  to  the  student's  judgment 
We  state  again  that  the  study  of  general  reactions  has  for 
its  purpose  the  separation  of  whole  groups  as  well  as  of  single 
metals. 

The  Carbonates. — Beactions  used  in  separating  Group  II. 
Division  1  from  Group  I.  Since  the  metals  of  Group  II.  form 
many  insoluble  salts,  several  of  these  may  be  used  to  separate 
them  from  Group  I.  We  give  the  carbonates  the  preference, 
since  they  are  not  only  insoluble  in  water  and  easily  formed, 
but  dissolve  without  difficulty  in  acids,  and  can  thus  be  easily 
converted  into  soluble  salts.  The  carbonates  of  barium, 
strontium,  and  calcium  are  thrown  down  as  white,  amorphous 
precipitates,  which  become  crystalline  upon  long  standing  in 
water.  They  dissolve  easily  in  acids,  such  as  hydrochloric, 
nitric,  acetic,  with  formation  of  soluble  salts  and  liberation  of 
carbon  dioxide : 

BaCOg  +  SHNOg  =  Ba(N03)2  +  COj  +  HjO. 

Although  insoluble  in  water  itself,  the  carbonates  dissolve 
somewhat  in  water  containing  carbon  dioxide. 

Let  us  now  observe  the  use  of  these  compoimds  in  the 
separation  from  the  metals  of  Group  I.  For  the  precipitation 
we  use  ammonium  carbonate ;  the  potassium  and  sodium  salts 
are  imavailable,  while  ammonium  salts,  as  we  know,  can  be 
easily  driven  off  from  the  compoimds  of  the  alkali  metals.  We 
do  not  have  the  neutral  ammoniimi  carbonate  in  the  laboratory, 
as  this  salt  decomposes  in  aqueous  solution  to  ammonia  and 
the  acid  carbonate.  The  aqueous  solution  of  the  commercial 
salt  contains  the  acid  salt,  NH^HCOg.  Carbon  dioxide  is  given 
ofif  when  the  metals  of  Group  II.  are  precipitated  by  this  salt : 

2NH^HC08  +  BaCLj  =  BaCOg  +  2NH^a  +  H^O  +  CO^. 

The  possibility  of  the  carbonates  of  barium,  strontium,  and 
calcium  being  held  in  solution  through  the  formation  of  free 
carbon  dioxide  is  prevented  by  precipitating  in  slightly  warm 
solution  and  in  presence  of  a  smaU  quantity  of  free  ammonia. 
Some  time  is  necessary  for  complete  precipitation.     In  exact 
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analyses  the  absence   of  ammonium  salts,  espedallj  of  the 
chloride,  is  required. 

The  confirmatory  test  for  complete  precipitation  confiists  in  filtering 
and  adding  to  the  filtrate  some  fresh  ammonium  carhonate,  upon  which 
no  precipitate  should  appear.  The  washing  of  the  precipitate  on  the 
filter  should  be  very  carefully  performed ;  in  the  separation  of  the  metals 
of  the  first  group,  the  latter  are  found  in  the  filtrate. 

§  17a.  The  chromates  serve  for  the  separation  of  barium 
from  strontium  and  calcium.  All  three  metals  form  with 
chromic  acid  only  the  salts  of  the  formulae  BaCrO^,  SrCrO^, 
CaCrO^.  Barium  chromate  is  a  yellow  precipitate,  almost 
absolutely  insoluble  in  water(l:  87,000,  at  the  ordinary  tempera- 
ture), especially  in  the  presence  of  ammonium  chromate,  but 
soluble  in  nitric  acid:  it  is  obtained  by  precipitating  the 
solution  of  a  barium  salt  with  a  soluble  chromate.  Strontium 
chromate  also  forms  a  crystalline  yellow  precipitate  which  is 
soluble,  though  difficultly  so,  in  water  (1:840);  acetic  acid 
greatly  increases  its  solubility.  Calcium  chromate  is  easily 
soluble  in  water.  As  the  separation  of  barium  from  strontium 
and  calcium  is  rendered  difficult  by  the  sparing  solubility  of 
the  strontium  salt,  it  must  be  performed  with  careful  observance 
of  the  necessary  conditions.  The  well- washed  precipitate  of  the 
carbonates,  as  obtained  by  the  method  described  in  the  fore- 
going paragraph,  is  removed  from  the  filter  into  a  small  beaker 
by  means  of  the  wash -bottle,  and  with  gentle  warming  dis- 
solved in  the  least  possible  amount  of  acetic  acid.  (The  excess 
of  the  latter  must  be  a  minimum.)  The  precipitation  is  made 
with  ammonium  chromate.  This  reagent  is  prepared  by  care- 
fully adding  ammonia  to  a  solution  of  anmioniimi  dichromate 
imtil  the  latter  has  attained  a  pure  yellow  colour,  though  still 
remaining  slightly  acid.  The  reagent  is  first  slowly  added  to 
a  small  portion  of  the  solution  of  the  acetates,  and  the  mixture 
slightly  warmed  if  the  precipitate  does  not  appear  at  once.  If 
barium  is  thus  detected,  the  entire  solution  is  precipitated  in 
the  same  manner  and,  after  a  short  time,  filtered ;  barium 
chromate  remains  on  the  filter,  and  calcium  and  strontium 
in  solution.  This  separation  of  barium  is  accurate.  The 
confirmatory  tests  for  barium  chromate  are  described  under  the 
special  reactions  of  the  metal 

§  18.  The  sulphates  of  the  metals  of  Group  XL  are  formed 
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as  white  precipitates  on  the  addition  of  dilute  sulphuric  acid,  or 
of  a  soluble  sulphate,  to  solutions  containing  these  metals.  They 
ai^e  at  first  amorphous,  but  become  crystalline : . 

BaClg  +  HgSO^  =  BaSO^  +  2HC1, 
.  BaClg  +  NagSO^  =  BaSO^  +  2NaCL 

In  the  amorphous  state  these  precipitates  pass  through  the 
pores  of  the  filter,  and  to  prevent  this  they  must  be  thrown 
down  from  a  boiling  solution,  allowed  some  time  to  settle,  and 
only  then  filtered.  The  study  of  the  properties  of  the  sulphates 
may  be  arranged  under  the  following  heads : — 

1.  Solvbility  in  water, — Barium  sulphate  is  almost  insoluble 
in  water  (1:800,000);  strontium  sulphate  sparingly  soluble 
(1:7000);  and  calcium  sulphate  relatively  easily  dissolved 
(1 :  430).  As  a  result  of  the  unequal  insolubilities,  even 
traces  of  barium  can  be  detected  by  sulphuric  acid,  ie.,  a  pre- 
cipitate is  obtained  in  extremely  dilute  solutions  of  barium 
salt&  To  afford  the  precipitation  of  strontium,  the  solution 
must  be  more  concentrated,  as  no  precipitate  will  appear  if  it 
contain  more  than  7000  parts  of  water  to  one  of  strontium 
sulphate ;  while  to  throw  down  calcium  sulphate,  it  must  be 
more  concentrated  still,  no  precipitation  occurring  in  a  solution 
which  contains  more  than  430  parts  of  water.  Strontium 
sulphate  and  calcium  sulphate  can  therefore  be  used  to  detect 
barium  and  strontium  respectively.  A  saturated  solution  of 
strontium  sulphate  contains  only  7000  parts  of  water,  and 
can  therefore  precipitate  barium  from  barium  salts,  while 
strontium  and  calcium  cannot  thus  be  thrown  down,  as  their 
sulphates  are  soluble  in  this  amount  of  water.  A  saturated 
calcium  sulphate  solution  contains  but  430  parts  of  water,  and 
therefore  precipitates  either  barium  or  strontium  from  their 
solutions,  while  calcium  salts  remain  imprecipitated.  (We 
may  mention  that  calcium  sulphate  cannot  throw  down 
strontium  stdphate  from  a  strontium  sulphate  solution.)  These 
reactions  are  only  qualitative,  and  made  in  the  following  manner: 
To  a  portion  of  the  solution  of  the  metals  of  Group  II.  we  add 
a  solution  of  strontiimi  sulphate ;  the  formation  of  a  precipitate 
points  directly  to  the  presence  of  a  bariimi  salt.  (In  the 
systematic  course  the  test  can  be  made  with  a  small  portion  of 
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the  hydrochloric  acid  solution  of  the  carbonates,  to  ascertain 
whether  it  is  necessaiy  to  separate  barium  as  its  chromate.)  If 
no  precipitate  results,  and  barium  is  therefore  absent,  another 
separate  portion  is  tested  for  strontium  with  calcium  sulphate. 
In  the  presence  of  barium  the  strontium  cannot  be  distinguished, 
since  calcium  sulphate  precipitates  the  salts  of  both  metals, 
and  this  test  is  therefore  omitted  if  barium  has  been  detected. 
In  performing  this  experiment  it  must  be  borne  in  mind  that 
the  formation  of  the  precipitates  takes  more  or  less  time, 
according  to  the  concentration  of  the  solution;  to  definitely 
confirm  the  presence  or  absence  of  strontium  or  barium,  there- 
fore, the  solution  tested  must  be  allowed  to  stand  for  about  an 
hour.  It  must,  further,  be  remembered  that  the  presence  of  a 
quantity  of  the  calcium  salt  hinders  in  a  great  degree  the 
reaction  of  strontium. 

2.  Behaviour  toward  adds, — Barium  sulphate  is  also  in- 
soluble in  the  strongest  acids,  and  its  treatment  by  acids  is 
used  as  a  confirmatory  test. 

3.  Behavuntr  of  the  sulphates  toward  a  solution  of  ammonium 
sulphate  (separation  of  calcium  from  strontium). — Calcium 
sulphate  dissolves  in  a  large  excess  (about  300  parts)  of  a  con- 
centrated solution  of  ammonium  sulphate  (1  part  salt  to  4  parts 
water)  on  standing  for  twelve  hours  at  the  ordinary  tempera- 
ture. Strontium  sulphate,  on  the  contrary,  is  only  slightly 
soluble  in  this  medium  (1  part  in  17,000  parts  of  the  solution). 

The  test  is  made  with  the  solution  of  the  carbonates  in 
hydrochloric  acid  (§  17);  if  barium  has  been  found  and  sepa- 
rated as  the  chromate,  strontium  and  calcium  must  be  reprecipi- 
tated  as  their  carbonates  from  the  filtrate.  The  hydrochloric 
acid  solution,  which  must  contain  only  the  least  possible 
amount  of  free  acid,  is  treated  with  a  large  excess  of  ammonium 
sulphate,  allowed  to  stand  for  twelve  hours,  and  filtered.  The 
residue  is  washed  with  ammonium  sulphate  and  subjected  to 
the  confirmatory  tests  mentioned  in  §  20.  For  the  detection  of 
calcium,  the  filtered  solution  of  ammonium  sulphate  is  precipi- 
tated by  ammonium  oxalate,  when  calcium  oxalate  separates  as 
a  fine  white  powder.  The  confirmatory  tests  for  this  salt  are 
described  in  §  21.  Since  calcium  oxalate  is  somewhat  soluble 
in  ammonium  sulphate,  the  test  may  fail  if  only  traces  of 
calcium  are  present,  and  in  this  case  it  is  necessary  to  evaporate 
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the  ammonium  sulphate  solution  to  drTness,  ignite,  and  examine 
the  residue  thus  obtained.^ 

Flame  coloration — ^The  salts  of  the  metals  of  Group  II. 
which  volatilise  in  the  flame  of  a  gas-burner  (the  chlorides, 
but  not  the  carbonates  or  sulphates)  colour  the  flame  in  a 
very  characteristic  manner.  These  colorations  are  described 
among  the  special  reactions.  By  means  of  the  spectroscope 
(see  Section  III.)  the  single  metals  can  be  distinguished  in  the 
presence  of  each  other,  and  for  the  recognition  of  strontium 
when  calcium  is  present  this  method  is  the  best  known. 

Special  Reactions 
Barium 

§  19.  Reactions  of  the  Barium  Salts. — The  majority  of 
barium  salts  of  inorganic  acids  are  insoluble  in  water,  but  the 
insoluble  salts,  with  the  exception  of  the  sulphate  and  silico- 
fluoride,  dissolve  in  dilute  acids.  The  halogen  salts,  as  well  as 
the  nitrate  and  chlorate,  are  soluble.  The  diflBcult  solubility 
of  barium  chloride  in  hydrochloric  acid,  and  of  the  nitrate  in 
nitric  acid,  should  be  mentioned ;  this  is  especially  characteristic 
of  the  nitrate,  which  is  even  precipitated  if  concentrated  nitric 
acid  be  added  to  its  solutions  or,  indeed,  to  that  of  barium 
salts  in  general.  Barium  chloride  and  nitrate  are  also  insoluble 
in  alcohol  and  ether. 

Barium  sulpJiate  is  precipitated  as  a  white  granular  powder 
on  the  addition  of  dilute  sulphuric  acid,  or  of  the  solution  of 
a  sulphate  to  barium  salts ;  strontium  sulphate  also  throws  down 
the  salts  of  barium  after  some  time.  Barium  sulphate  is 
insoluble  in  water  or  dilute  acids,  is  not  transformed  into  the 
carbonate  by  boiling  with  potassium  carbonate,  and  does  not 
dissolve  in  ammonium  sulphate. 

Barium  carbonate, — The  carbonates  of  the  alkali  metals 
and  of  ammonium  throw  down  barium  salts  in  the  form  of  a 

^  Although  this  method  has  been  proved  by  the  experiments  of  R.  Fresenius 
to  be  not  entirely  accurate,  the  beginner  must  still  oe  content  with  it.  An 
exact  separation  of  calcium  from  strontium  is  obtained  through  the  action  of  a 
mixture  of  alcohol  and  ether  upon  their  nitrates,  previously  dried  at  ISO"*  C. 
The  solvent  extracts  the  calcium  and  leaves  the  strontium  undissolved.  Although 
for  the  beginner  there  is  some  danger  of  fire  in  using  this  method,  we  shall  ^ve 
a  more  complete  description  of  its  details  in  explaining  the  course  of  analysis  of 
this  group. 
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white,  amorphous  precipitate  of  barium  carbonate  which  is 
insoluble  in  water,  but  dissolves  easily  in  dilute  acids,  and  to  a 
slight  degree  also  in  ammonium  chloride. 

Barium  sUicofiuoride,  BaSiF^,  is  fairly  insoluble  in  water 
(1:4000).  It  is  precipitated  by  hydrofluosilicic  acid,  in  the 
crystalline  state,  and  settles  rapidly  to  the  bottom  of  the  vessel; 
in  dilute  solutions  the  reaction  requires  some  time.  The  salt  is 
absolutely  insoluble  in  alcohoL  Although  the  silicofluorides 
of  calcium  and  strontium  are  easily  soluble  in  water,  the  sepa- 
ration of  these  metals  from  barium  by  means  of  this  salt  is 
accurate  only  under  very  complicated  conditions. 

Barium  chrcymate,  BaCrO^. — Potassium  chromate  precipi- 
tates this  salt,  yellow,  soluble  in  nitric  acid,  but  separating  again 
on  neutralisation.  To  make  the  confirmatory  tests,  the  barium 
chromate  obtained  in  the  course  of  analysis  is  transformed  to 
the  carbonate  by  sufficient  boiling  with  potassium  carbonate ; 
after  filtering  and  washing,  the  carbonate  is  dissolved  in  the 
least  possible  quantity  of  hydrochloric  acid,  and  the  character- 
istic reactions  of  barium  made  with  the  solution. 

Flume  coloration, — The  volatile  salts  of  barium,  such  as 
the  chloride  or  nitrate,  colour  the  non- luminous  flame  of 
gas  or  alcohol  a  yellowish  green.  The  phosphate  does  not 
show  this  reaction  itself,  but  does  so  after  being  moistened  with 
hydrochloric  acid,  or  fused  with  sodium  carbonate.  The  experi- 
ment is  made  as  described  under  the  alkali  metals  (§  9).  Seen 
through  a  green  glass  the  rays  of  the  coloured  flame  appear 
blue.  Its  spectrum  is  given  in  Section  III.  (§111).  As  there 
are  many  other  characteristic  reactions -of  barium  this  test  is 
seldom  used  for  its  detection. 

Strontium 

§  20.  Reactions  of  Strontium  Salts. — The  salts  of  stron- 
tium are  very  similar  to  those  of  barium,  the  chief  difference  being 
shown  in  the  silicofluoride  and  chromate,  which  are  much  more 
soluble ;  a  further  variation  is  fovmd  in  the  behaviour  of 
strontium  chloride  toward  absolute  alcohol,  by  which  it  is 
dissolved.     The  nitrate  is  insoluble  in  alcohol  or  ether. 

Strontium  sulphate, — Obtained  as  a  white,  crystalline 
precipitate  by  the  action  of  dilute  sulphuric  acid  or  soluble 
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sulphates.  Strontium  salts  are  not  precipitated  by  a  solution 
of  strontium  sulphate,  but  are  thrown  down  by  calcium  sulphate. 
The  presence  of  an  excess  of  hydrochloric  or  nitric  acids,  as 
well  as  of  calcium  salts,  materially  hinders  the  reaction.  The 
sulphate  is  somewhat  soluble  in  dilute  acids,  and  is  completely 
decomposed  on  boiling  with  alkali  carbonates,  even  in  presence 
of  other  sulphates.  Its  slight  solubility  in  ammonium  sulphate 
afiTords  a  method  for  its  separation  from  calcium  (§  18). 

Strontium  carbonate  is  a  white,  amorphous  precipitate,  easily 
soluble  in  acids. 

The  flame  coloration  is  a  very  characteristic  reaction. 
Brought  into  the  flame  of  the  gas -lamp  on  a  platinum  wire, 
strontium  salts  colour  the  flame  a  carmine -red.  In  cases 
similar  to  those  mentioned  under  Bariimi,  the  salt  must  be 
moistened  with  hydrochloric  acid  or  ignited  with  sodium 
carbonate.  Blue  glass  alters  the  strontium  rays  to  a  rose-red 
or  purple -red.  The  spectrum  of  the  metal  is  described  in 
Section  III.  The  flame  coloration  of  strontium  salts  is  an 
important  reaction  in  distinguishing  this  metal  from  the  other 
members  of  the  group.  Strontiimi  is  usually  obtained  in 
analysis  as  the  sulphate,  a  compound  which  does  not  show  the 
flame  coloration  which,  in  lieu  of  other  reactions,  must  be 
obtained  as  a  confirmatory  test.  If  sufficient  of  the  sulphate 
is  at  hand,  it  is  transformed  to  the  carbonate  by  boiling  with 
potassium  carbonate  or,  better  still,  igniting  with  sodium 
carbonate;  after  being  treated  with  water  and  washed,  it  is 
dissolved  in  hydrochloric  acid,  and  the  test  made  with  the 
chloride  thus  obtained.  If  too  little  of  the  sulphate  is  found 
for  this  process,  as  is  usually  the  case^  the  precipitate  is  washed 
and  dried  together  with  the  filter ;  the  dry  paper  is  folded  up, 
and  first  charred  and  then  ignited  upon  a  platinum  wire  until 
the  combustion  of  the  carbon  is  complete.  The  flame  is  then 
made  luminous  and  the  salt  further  ignited,  whereupon  the 
sulphate  becomes  reduced  to  the  sulphide.  The  ash  is 
moistened  (preferably  in  a  small  porcelain  crucible)  with  a 
drop  of  hydrochloric  acid,  and  again  cautiously  introduced  into 
the  flama  The  flame  coloration  will  depend  upon  the  amount 
of  strontium  chloride  formed ;  with  small  quantities  it  very 
quickly  passes  away. 

Since  strontium  shows  no  other  characteristic  reactions,  the 
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above  tests  prove  its  presence  only  when  the  impossibility  of 
other  metals  being  present  is  assured.  This  fact  must  be 
remembered.  The  student  must  decide  for  himself  whether 
this  condition  is  compUed  with. 

Oalciom 

§  21.  Reactions  of  the  Calcium  Salts. — Calcium,  though 
in  general  more  similar  to  the  foregoing  metals,  occupies  an 
intermediate  position  between  these  and  magnesium.  It  forms 
a  hydroxide,  Ca(0H)2,  more  difficultly  soluble  than  those  of 
barium  or  strontium,  and  which  easily  parts  with  its  water 
upon  ignition ;  a  more  easily  soluble  sulphate,  and  a  soluble 
silicofluoride  and  chromate.  These  salts,  and  the  solubility 
of  the  nitrate  and  chloride  in  alcohol,  distinguish  calcium  from 
barium  and  strontium. 

Calcium  oxalate^  CaC^O .,  is  a  characteristic  salt,  and  oxalic 
acid  a  characteristic  reagent  for  calcium.*  Ammonium  oxalate 
precipitates  calciimi  oxalate  as  a  white,  crystalline  powder, 
which  is  thrown  down  immediately  from  concentrated  solutions, 
or  on  warming,  as  CaC^O^  +  H^O  ;  from  cold  and  dilute  solutions 
the  salt  separates  out  only  after  some  time,  and  then  has  three 
molecules  of  water,  CaCgO^  +  SH^O.  It  does  not  dissolve  in 
water,  is  soluble  in  mineral  acids,  but  not  in  acetic  acid.  This 
is  an  important  characteristic.  The  salt  cannot  be  used  as  a 
means  of  separating  calcium  from  barium  and  strontium,  as  the 
oxalates  of  the  latter  are  also  difficultly  soluble  and  show  the 
same  behaviour  toward  acetic  ftcid.  This  reaction  establishes 
the  presence  of  calcium,  therefore,  only  when  it  is  certain  that 
barium  and  strontium  are  absent.  This  is  also  an  important 
fact. 

Calcium  sulphate. — On  the  addition  of  sulphuric  acid  to  the 
concentrated  solution  of  a  calcium  salt  the  sulphate  separates 
immediately  as  a  white  precipitate ;  from  dilute  solutions  it  is 
precipitated  only  after  some  time,  or,  indeed,  not  at  all.  It 
dissolves  in  a  concentrated  solution  of  ammonium  sulphate 
(§  18),  and  is  easily  transformed  to  calcium  carbonate  by  boiling 
with  potassium  carbonate.  Calcium  sulphate  solution  precipi- 
tates barium  and  strontium  salts.     It  is  insoluble  in  alcohol. 

^  Oxalic  acid,  a  dibasic  acid,  Cs02(0H)2,  is  obtained  through  the  oxidation  of 
sugar  by  nitric  acid,  and  also  occurs  in  sorrel. 
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Calcium  carbonate  is  obtained  as  an  amorphous,  voluminous 
precipitate  on  addition  of  ammoniimi  carbonate  or  that  of  an 
alkali  It  becomes  crystalline  after  remaining  in  water  for 
some  time  at  the  ordincury  temperature,  and  more  quickly  on 
boiling.  When  freshly  precipitated  and  amorphous,  it  is  some- 
what soluble  in  ammonium  chloride,  but  separates  out  almost 
completely  if  the  solution  be  boiled. 

The  flame  coloration  is  rarely  employed  for  the  detection 
of  calciimi.  The  flame  is  coloured  orange -yellow  upon  the 
introduction  of  a  calcium  salt,  and  seen  through  a  blue  glass  it 
becomes  sulphur-yellow.  The  method  of  making  the  experiment 
is  explained  under  Strontium  (§  20).  The  spectrum  of  the 
flame  is  described  in  Section  III. 

STSTEMATIO  001JB8E  OF  ANALTSIS  FOB  THE  METALS 

OF  GBOXTP  n.  DIVISION  1 

§  22.  Detection  of  the  Metals  of  Qroup  II,  Division  1. — 

We  remember  that  in  §  14  the  systematic  course  was  formed 
after  consideration  of  the  following  questions : — Which  reactions 
are  to  be  chosen  for  the  detection  of  the  elements  studied  ?  Is 
the  use  of  the  reactions  selected  possible  in  the  presence  of 
many  elements  of  the  given  group,  or  must  these  be  previously 
separated  ?  Which  metal  must  be  separated  ?  If  we  choose 
the  reaction  with  ammonium  chromate  for  barium,  with  sulphuric 
acid  for  strontium,  and  with  ammonium  oxalate  for  calcium, 
it  is  obvious  that  the  respective  metals  must  be  isolated, 
since  the  chosen  reagents  exert  a  more  or  less  similar  action 
upon  alL     Barium  is  the  most  easily  to  be  separated. 

Since,  therefore,  the  course  of  analysis  is  dependent  upon 
the  presence  or  absence  of  barium,  the  first  operation  is  the 
addition  of  strontium  sulphate  solution  to  a  portion  of  the 
solution  to  be  investigated,  and  allowing  it  to  stand  for  some 
time.  If  the  chromate  is  to  be  employed  for  this  test,  a  portion 
of  the  solution  is  diluted,  acidified  with  a  few  drops  of  acetic 
acid  if  neutral,  and  precipitated  with  ammonium  chromate.  In 
case  barium  is  found  it  must  be  separated,  and  this  is  most 
easily  accomplished  in  the  form  of  the  chromate,  as  explained  in 
§  1 7.  Calcium  and  strontium  are  precipitated  from  the  filtrate 
as  carbonates  by  ammonium  carbonate,  and,  after  filtering  and 
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washing,  dissolved  in  hydrochloric  acid.  The  separation  of 
calcium  from  strontium  depends  upon  the  insolubility  of 
strontium  stdphate  in  ammonium  sulphate  (§  18).  To  control 
the  separations  the  characteristic  reactions  of  the  respective 
metals  must  be  made,  the  flame  coloration  being  used  for 
strontium,  and  calcium  recognised  by  precipitating  the  anmionium 
sulphate  filtrate  with  ammonium  oxalate  (§20  and  §  21).  As 
regards  these  confirmatory  tests,  it  has  been  mentioned  in  §§  20 
and  21  that  they  are  conclusive  only  in  the  certain  absence  of 
the  other  metals  of  this  group;  we  point  this  out  to  the 
student  that  he  may  give  it  his  attention,  although  the  exi- 
gency is  satisfied  in  the  given  course  of  analysis. 

As  an  exact  means  of  distinguishing  between  the  metals  of  this 
division,  R.  Fresenius  recommends  the  following  method : — The  well- 
washed  carbonates  are  dissolved  in  dilute  nitric  acid,  and  the  solution 
evaporated  to  dryness  in  a  small  porcelain  dish.  The  dry  residue  is 
then  pulverised  and  digested  with  about  10  cc.  of  a  mixture  of  equal 
volumes  of  absolute  alcohol  and  ether.  The  insoluble  residue  of  barium 
and  strontium  nitrates  is  brought  upon  a  filter  and  washed  with  a  small 
quantity  of  the  same  mixture.  If  calcium  was  present,  it  is  contained  in 
the  filtrate,  where  it  can  be  readily  recognised  by  the  addition  of  a  few 
drops  of  dilute  sulphuric  acid.  The  barium  and  strontium  nitrates  are 
next  dissolved  in  water,  and  a  few  drops  of  acetic  acid  and  some  potassium 
monochromate  added  to  the  solution,  which  is  then  boiled.  The  precipi- 
tate of  barium  chromate  is  filtered  off,  the  filtrate  treated  with  ammonium 
ci^bonate,  and  the  precipitated  carbonate  examined  for  strontium  in  the 
usual  manner. 

Metals  of  Groups  I.  and  II,  Separation  from  the  first  gr&ap. 
— In  this  case,  for  the  first  time,  the  reactions  of  separate 
groups  must  be  combined.  The  alkali  metals  cannot  be  detected 
unless  barium,  strontium,  and  calcium  have  been  previously 
removed,  as  these  metals  form  insoluble  compounds  with  both 
tartaric  and  pyroantimonic  acids.  The  second  group  is  dis- 
tinguished from  the  first  by  its  members  having  many  insoluble 
salts,  of  which  the  carbonates  are  the  most  suitable  for  the 
purposes  of  separation,  not  only  because  the  separation  can 
be  made  with  accuracy  by  their  means,  but  also  since  the  salts 
themselves  possess  properties  which  simplify  the  rest  of  the 
analysis. 

The  separation  is  accomplished  by  a  general  reaction ;  the 
precipitation  of  barium,  strontium,  and  calcium  in  warm  solu- 
tion  by  ammonium  carbonate   and   ammonia  (S    17).      The 
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precipitate  is  filtered  off  (leaving  the  metals  of  Group  I.  in  the 
filtrate),  washed,  and  dissolved  on  the  filter  in  dilute  hydro- 
chloric acid.  A  solution  of  the  chlorides  is  thus  obtained,  in 
which  the  metals  are  detected  by  the  methods  given  in  this 
paragraph.  A  confirmatory  test  of  the  completeness  of  pre- 
cipitation is  absolutely  indispensable  here,  since  if  it,  and  in 
consequence  the  separation,  is  imperfect,  the  reactions  of  the 
metals  of  Group  I.  cannot  be  obtained.  As  a  confirmatory 
test  the  filtrate  from  the  carbonates  is  again  tested  with 
ammonium  carbonate  and  gently  heated,  upon  which  no 
precipitation  must  occur ;  the  analysis  of  the  first  group  can 
be  proceeded  with  only  when  this  has  been  done.  The  am- 
monium salts  are  next  separated  by  evaporation  and  ignition 
(§  13),  and  the  residue  tested  for  potassium  and  sodium 
according  to  §  14.  It  must  be  remarked  that,  as  ammonium 
salts  have  been  used  in  searching  for  the  metals  of  the  second 
group,  ammonia  cannot  be  tested  for  in  this  solution.  This 
alkali  is  detected  in  a  separate  portion  of  the  original  solution 
by  the  method  given  in  §  14. 

Practical  experience  in  the  analysis  of  the  metals  of  this 
division  should  be  gained  by  the  plan  recommended  for 
Group  I.,  first  by  the  study  of  mixtures  known  to  the  student, 
and  then  of  those  which  are  unknown. 

GEOUP  II.,  DIVISION  2 
MAGNESIUM 

Magnesium  is  characterised  as  a  metal  of  Group  II. 
by  the  solubility  of  its  sulphate  and  the  insolubility  of  its 
carbonate ;  it  is  at  the  same  time  distinguished  from  the 
metals  of  Division  1  by  its  power  of  forming  soluble  double 
salts  with  ammonium  compounds. 

Magnesium  is  a  silver -white  metal  of  specific  gravity 
1*75.  It  is  very  soft,  and  is  usually  fovmd  in  commerce  as 
"Magnesium  ribbon."  It  is  stable  in  the  air  at  ordinary 
temperatures,  but  if  lighted,  bums  with  a  blinding  bluish 
white  flame.  The  metal  begins  to  decompose  water  even  at 
the  ordinary  temperature,  but  is  protected  from  further  oxida- 
tion by  the  crust  of  oxide  formed.  Magnesium  is  extremely 
soluble  in  dilute  acids. 
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Tlie  magnesium  salts  corresponding  to  those  which  char- 
acterise the  metals  of  Division  1,  viz.,  the  sulphate,  chromate, 
and  silicofluoride,  are  all  readily  soluble  in  water.  The 
reagents,  therefore,  by  means  of  which  the  calciiim,  strontium, 
and  barium  salts  are  obtained,  do  not  precipitate  magnesium. 

The  salts  with  volatile  acids  are  often  partially  decomposed 
even  by  evaporation,  and  completely  so  by  ignition. 

§  23.  Reactions  of  Magnesium  Salts. — Magnesium  hydrox- 
ide, Mg(0H)2,  is  thrown  down  from  the  solutions  of  magnesiimi 
salts  by  alkali  hydroxides  as  a  white,  amorphous,  volimiinous 
precipitate  which  is  slightly  soluble  in  water  (about  1:55,000). 
Warming  accelerates  its  separation.  In  the  presence  of 
chlorides,  or  the  sulphates  of  the  alkalies,  the  precipitation  is 
not  complete  unless  a  great  excess  of  the  reagent  be  used. 
The  behaviour  of  magnesium  salts  toward  the  alkalies  is  also 
influenced  by  the  presence  of  ammonium  salts,  as  will  be 
described  below.  Magnesium  hydroxide  is  easily  transformed 
to  the  anhydrous  oxide,  MgO,  by  ignition.  It  can  be  pre- 
cipitated by  the  hydroxides  of  barium  or  calcium,  or  with 
mercuric  oxide  (used  in  the  separation  of  magnesium  from  the 

alkalies) : 

MgClg  +  Ca(0H)2  =  Mg(0H)2  +  CaCla . 

Magnesium  carbonate. — Sodium  and  potassium  carbonates 
precipitate  in  the  cold  the  basic  carbonate,  4(MgC03) .  MgO  + 
lOHgO,  according  to  the  reaction : 

A  portion  of  the  salt  is  retained  in  solution  by  the  liberated 
carbon  dioxide.  This  is  deposited  on  boiling,  however,  as  the 
normal  salt,  MgCOg  +  H^O.  This  reaction  is  likewise  influenced 
by  the  presence  of  ammonium  salts  (comp.  below).  As 
qualitative  reactions,  the  formation  of  magnesium  hydroxide 
and  carbonate  is  not  important.  They  are  explained  here  to 
give  the  student  a  better  insight  into  the  following  reactions. 

Ammonium  Magnesium  Doable  Salts. — Magnesium  salts 
easily  form  double  compounds  with  those  of  ammonium.  The 
majority  of  these  double  salts — such,  for  instance,  as  2NH^C1 . 
MgClg,  or  (1^11^)280^ . MgSO^ — dissolve  readily  in  water;  but 
there   are  also  difficultly  soluble  salts,  such  as  NH^MgPO^. 
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The  formation  of  the  soluble  double  salts  is  employed  in  the 
separation  of  magnesium  from  the  metals  of  the  first  division 
of  this  group.  The  insoluble  salt,  NH^MgPO^,  is  extremely 
characteristic  of  magnesium,  and  is  important 

Soluble  dmMe  salts. — Let  us  consider  the  formation  of  these 
salts  in  acid,  neutral,  and  alkaline  solutions,  or,  in  other  words, 
under  all  the  conditions  which  may  occur  in  analysis.  The 
simplest  case  is  presented  in  neutral  solutions,  where  the 
magnesium  salt  unites  directly  with  that  of  ammonium :  thus, 
on  the  addition  of  an  ammonium  chloride  solution  to  one  of  a 
magnesium  salt,  the  corresponding  double  salt  will  be  obtained. 
In  considering  the  formation  of  double  salts  in  alkaline  solution, 
it  is  especially  important  to  study  cases  where  ammonia  or 
ammonium  carbonate  is  the  alkali  present. 

The  action  of  ammonia,  upon  a  neutral  solution  is  to  form 
a  soluble  double  salt  with  one-half  of  the  magnesiimi,  while  it 
precipitates  the  other  half  as  hydroxide ;  this  is  illustrated  by 
the  following  examples : 

2MgCl2  +  2NH3  +  2H2O  =  MgClg .  2NH4CI  +  Mg(0H)2, 
2MgS0^  +  2NH3  +  2H2O  =  MgSO^ .  (NH^)2S0^  +  Mg(0H)2. 

This  reaction  depends  upon  the  fact  that  the  ammonia,  what- 
ever its  excess,  can  only  form  ^sufl&cient  ammonium  salt  to 
unite  with  half  of  the  magnesium,  and  the  other  half  must 
therefore  be  precipitated. 

Ammonium  carbonate  at  first  produces  no  precipitate  in  a 
neiUral  solution  of  magnesium  salts,  other  ammonium  salts 
being  absent ;  after  some  time,  however,  a  salt  separates  out 
which,  according  to  the  quantity  of  the  reagent  added,  has 
either  the  composition  MgCOg  +  SHjO  (incomplete  precipita- 
tion), or  with  excess,  and  in  the  presence  of  ammonia,  that 
of  the  double  salt,  MgCOs .  (KE^)^GO^  +  4H2O.  The  latter  is 
difficultly  soluble  in  water. 

On  acid  solutions  of  magnesium  salts  ammonia  has  a 
diflFerent  effect.  In  the  cases  cited  above,  the  hydroxide  was 
precipitated  because  an  insufficient  amount  of  ammonium  salt 
was  formed  to  unite  with  that  of  the  metal.  If  the  solution  is 
acid,  on  the  contrary,  an  excess  of  an  ammonium  salt  will 
obviously  be  formed  by  the  ammonia,  and  the  hydroxide  can- 
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not  be  precipitated.  Ammonia  does  Twt,  therefore,  precipitate 
the  acid  solution  of  a  magnesium  salt : 

MgSO^  +  HgSO^  +  2NH3  =  MgSO^ .  (^R^)SO^. 

The  ammonium  salt  will  be  formed  at  the  moment  of  the 
reaction.  The  same  result  will  occur  if  ammonium  salts  are 
already  present.  Ammonia  does  not  precipitate  magnesium 
hydroxide  in  presence  of  ammonium  salts.  No  precipitate  results, 
therefore,  if  ammonia  be  added  to  a  magnesium  sulphate 
solution  in  presence  of  ammonium  chloride.  To  better  under- 
stand the  reaction,  it  may  be  divided  into  two  parts : 

I.  2MgS0,  +  2NH3  +  2H2O  =  MgSO^  .  (NH4)2SO,  +  Mg(0H)2. 
IL  Mg(0H)2  +  4NH4CI  =  MgCla .  2NH^C1  +  2NHg  +  2H2O. 

No  precipitate  can  result,  since  two  ammonium  double  salts  are 
formed. 

In  the  presence  of  ammonium  salts  ammonium  carbonate  does 
not  precipitate  magnesium,  a  double  salt  being  formed  in  the 
reaction. 

The  separation  of  magnesium  from  the  metals  of  Division 
1  rests  upon  the  combination  of  all  the  reactions  cited  above. 
This  separation  is  especially  described  in  the  systematic  course 
of  analysis,  and  it  is  sufficient  to  mention  here  that  it  is 
accomplished  by  means  of  anynonia  and  ammonium  carbonate, 
in  presence  of  ammonium  chloride.  Too  great  an  excess  of 
ammonium  chloride  is  to  be  avoided,  as  the  error  due  to  the 
solubility  of  the  carbonates  of  Division  1  in  tliis  medium  may 
otherwise  be  increased. 

The  action  of  alkalies  in  presence  of  ammonium  salts  is  not  important. 
A  precipitate  is  not  caused  ;  but  as  ammonium  salts  are  decomposed  by 
alkalies  (when  the  latter  is  in  large  excess,  even  in  the  cold,  and  rapidly 
on  boiling),  magnesium  hydroxide  will  in  time  be  deposited  because  of 
this  action. 

MgSO^ .  (NH4)2S04 + 4K0H = Mg(OH)a + 2K,S04  +  2NH3  +  2H2O. 

Insoluble  ammonium  magnesium  double  salts. — We  shall 
study  only  the  phosphate. 

Ammonium  magnesium  phosphate,  —  The  phosphates, 
Mg8(P04)2  and  MgHP04,  which  are  thrown  down  from  the 
solution  of  magnesium  salts  by  soluble  phosphates  as  amorphous 
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white  precipitates,  are  not  very  characteristic  of  this  metal, 
and  are  unimportant  for  analytical  purposes.  Ammonium- 
magnesium  phosphate,  Mg(NH4)P04,  is  the  most  important 
salt  of  magnesium,  being  a  white  crystalline  precipitate.  It  is 
somewhat  soluble  in  water,  but  absolutely  insoluble  in 
ammonia ;  and  while  it  dissolves  in  acids,  even  in  acetic,*  it  is 
reprecipitated  on  neutralisation  with  ammonia.  To  obtain  this 
salt  several  conditions  must  be  observed,  some  of  which  result 
from  the  general  character  of  magnesium  compounds,  and  some 
from  the  special  properties  of  the  magnesium  ammonium 
phosphate  itself.  It  is  formed  by  precipitating  magnesium 
salts  with  sodium  phosphate  or,  better,  with  Na(NH4)HP04,  in 
presence  of  ammonium  chloride  and  ammonia.  Ammonium 
chloride  is  added  to  prevent  the  precipitation  of  magnesium 
hydroxide  by  the  ammonia.  The  latter  must  be  present  in 
sufficient  quantity  to  impart  a  strong  odour  to  the  solution, 
serving  partly  to  aid  the  formation  of  this  trimetallic  phosphate, 
and  partly  to  render  it  more  insoluble.  If  these  conditions 
are  satisfied,  sodium  phosphate  will  precipitate  a  crystalline 
ammonium  magnesium  phosphate.  (The  student  should 
especially  notice  this  characteristic.)  It  is  advisable  to  add 
the  reagent  by  drops  and,  after  shaking,  to  ascertain  the 
crystalline  nature  of  the  precipitate. 

STSTEMATIO  OOUBSE  OF  ANALYSIS  FOB  GBOXTP  n. 

OF  THE  METALS 

§  24.  Magnesium  and  the  Metals  of  Division  1  (barium, 
strontium,  and  calcium). — ^The  properties  of  the  magnesium 
compounds,  and  the  impossibility  of  directly  precipitating  them 
as  magnesium  ammonium  phosphate,  prevent  the  detection  of 
this  metal  before  its  complete  isolation  from  the  members  of 
the  first  division.  As  a  means  of  separation,  ammoniimi 
carbonate  in  the  presence  of  ammonium  chloride  and  ammonia 
is  used  (§§  17  and  22).  Enough  ammonium  chloride  miist 
be  added  to  prevent  precipitation  on  the  subsequent  addition 
of  ammonia.  The  solution  is  precipitated  by  a  slight  excess  of 
ammonium  carbonate,  and  heated  gently,  but  not  to  boiling. 
The  carbonates  of  barium,  strontium,  and  calcium  separate, 
while  the  ammonium  magnesium  double  salt  remains  in  solution 
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(together  with  traces  of  bariuni  and  calcium).  It  must  be 
remembered  here,  as  in  §  22,  that  it  is  necessary  to  ascertain 
whether  a  quantity  of  ammonium  carbonate  sufficient  for  the 
complete  precipitation  of  barium,  calcium,  and  strontium  has 
been  added.  This  is  best  seen  by  testing  the  filtrate  from  the 
carbonates  again  with  ammonium  carbonate ;  if  the  experiment 
has  been  correctly  made,  no  precipitate  should  appear.  The 
well -washed  precipitate  of  barium,  strontium,  and  calcium 
carbonates  is  next  treated  according  to  §  22.  In  the  filtered 
solution  magnesium  is  tested  for  by  precipitation  with  sodium 
phosphate  (§  23).  The  student  must  remember  that  only  a 
crystalline  precipitate  indicates  the  presence  of  magnesium. 

In  accurate  analyses  it  is  necessary  to  be  attentive  of  any  traces  of 
barium  and  strontium  which  may  have  been  held  in  solution  together  with 
magnesium,  by  the  interaction  between  the  carbonates  of  these  metals  and 
the  ammonium  chloride.  The  removal  of  these  traces  is  very  important 
if  but  little  magnesium  is  present  In  this  case  barium  is  previously 
separated  with  dilute  sulphuric  acid  (two  to  four  drops),  and  calcium  with 
ammonium  oxalate,  as  small  a  quantity  of  the  reagents  as  possible  being 
used.     The  test  for  magnesium  is  made  after  filtering  from  the  precipitates. 

Metals  of  Groups  L  and  IL — We  have  noticed  the  separa- 
tion of  barium,  strontium,  and  calcium  from  magnesium.  The 
course  of  analysis  is  not  altered  by  the  additional  presence 
of  the  alkali  metals,  and  therefore  only  the  separation  of  mag- 
nesium from  the  alkalies  remains  to  be  discussed.  This  is 
necessary  because  the  detection  of  the  alkali  metals  is  impos- 
sible if  magnesium  is  still  present,  as  magnesium  tartrate  and 
pyroantimonate  are  also  insoluble  in  water.  Magnesium  is 
distinguished  from  the  metals  of  Group  I.  by  the  insolubility 
of  its  oxide,  carbonate,  and  phosphate ;  in  qualitative  analysis 
it  is  more  conveniently  separated  as  its  hydroxide.  After 
barium,  strontium,  and  calcium  have  been  removed,  as  above, 
magnesium  and  the  alkali  metals  remain  in  the  solution.  A 
separate  portion  is  tested  for  magnesium  with  sodium  phosphate ; 
to  the  remainder,  from  which  the  ammonium  salts  must  be 
previously  separated  by  evaporation  and  ignition,  an  excess  of 
milk  of  lime  is  added,  and  the  liquid  boiled  in  a  porcelain  dish. 
The  lime  must  be  in  excess,  which  is  the  case  if,  after  boiling 
for  some  time  (about  ^  hour),  the  solution  turns  turmeric 
paper  brown.     On  filtering,  the  magnesium  hydroxide  and  the 
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excess  of  lime  remain  on  the  filter,  while  the  alkali  metals  are 
in  solution  together  with  the  calcium  salt  formed. 

To  test  for  magnesium  it  is  first  necessary  to  separate  the 
lime  from  the  precipitate  by  dissolving  in  hydrochloric  acid, 
neutralising  the  solution  with  ammonia,  and  precipitating  with 
ammonium  oxalate.  (The  precipitate  may  contain  traces  of 
magnesium  ammonium  oxalate.)  The  calciimi  oxalate  having 
been  filtered  off  (it  must  be  carefully  and  completely  pre- 
cipitated in  the  heat  and  allowed  to  stand  until  it  has  fully 
subsided),  the  magnesium  chloride  remains  in  solution  and 
is  detected  by  means  of  a  soluble  phosphate. 

The  solution  cont«dning  the  alkali  metals  is  likewise  treated 
with  ammonium  oxalate  to  separate  calcium,  filtered  and 
evaporated  to  drj'ness.  The  ammoniimi  salts  having  next  been 
driven  off,  the  alkali  metals  are  tested  for  according  to  §  14. 

Barium  hydroxide  can  be  used  for  the  separation  of 
magnesium  as  well  as  lime  milk.  In  this  method  a  solution 
of  barium  hydroxide  is  added  until  a  precipitate  ceases  to  form, 
and  the  solution  boiled  and  filtered.  The  barium  can  l^e 
separated  from  the  magnesium  hydroxide  in  the  precipitate  by 
means  of  sulphuric  acid,  and  is  thrown  down  from  the  filtrate 
which  contains  the  alkali  metals  by  ammonium  carbonate  and 
ammonia. 

A  separate  portion  of  the  original  solution  is  tested  for 
ammonia  (§  14). 

Supplement  to  Group  II 


AncUyns  of  the  compminds  of  the  metals  of  Group  IL  which  occur  in 
nature. — Barium,  strontium,  and  calcium  are  found  in  nature  chiefly  as 
their  sulphates  or  carbonates.  BaSO^  (heavy  spar),  SrSO^  (celestine),  and 
CaSO^  (gypsum  and  anhydrite)  are  insoluble  in  water  and  acids.  They 
are  transformed  to  soluble  compounds  by  fusion  with  alkali  carbonates. 
BaCOg  (witherite),  SrCOg  (strontianite),  and  CaCOg  (calc-spar,  marble) 
are  soluble  in  acids.  Calcium  also  occurs  as  a  phosphate  (apatite,  phos- 
phorite, etc),  as  calcium  fluoride  (fluor  spar) ;  and  likewise  in  silicates 
(comp.  Section  III.,  Examples).  Magnesium  is  a  constituent  of  many 
minerals  (augite,  hornblende,  serpentine,  talc,  olivine,  etc.),  the  analysis 
of  which  is  described  in  Section  II.  It  also  occurs  as  carbonate  (mag- 
nesite,  bitter-spar,  dolomite).  These  minerals  are  soluble  in  acids.  Car- 
nallite,  KMgCl3,  and  a  few  other  potassium  and  magnesium  double  salts 
(such  as  the  sulphate,  kainite)  which  are  found  in  the  upper  layers  of 
rock  salt  in  Stassfurt,  are  soluble  in  water 
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Application  of  the  compounds  of  the  m^tah  of  Group  IL  in  anaiyiis. — 
Both  barium  and  calcium  compoimds  are  used  in  analysis.  Their  oxides 
are  employed  in  the  same  cases  as  those  of  the  alkalies,  but  with  the  ad- 
vantage of  being  more  easily  removed  afterward.  The  precipitation  of 
magnesium  and  separation  of  ammonia  with  barium  or  calcium  hydroxides 
have  already  been  mentioned  in  ^  24  and  13.  We  have  still  to  notice 
the  use  of  barium  oxide  as  an  absorbent  for  carbon  dioxide,  and  the 
analysis  of  silicates  by  fusion  with  the  oxides,  carbonates,  or  chlorides  of 
barium  or  calcium  (Section  II.)  Barium  carbonate  is  also  employed  in 
precipitating  oxides  of  the  formula  H0O3. 


GROUP  III 

ALUMINinM,  OHBOMTOM,  IRON,  MANGANESE,  ZINO, 
NIOKEL,  OOBALT  (BEBYLLmM,  YTTRIUM,  OERnXM, 
DIDTMIUM,  LANTHANUM,  ZIBOONIUM,  THORIUM, 
TITANIUM,  TANTALUM,  NIOBIUM,  URANIUM,  INDIUM, 
THALLIUM). 

§  26.  With  the  exception  of  the  first  two  metals  (and  the 
majority  of  those  in  parentheses),  which  form  no  sulphides  in 
the  wet  way,  the  members  of  Group  III.  possess  sulphides  of 
the  general  formula  liS ;  these  salts  are  soluble  in  acids,  and 
therefore  are  not  precipitated  from  acid  solution  by  hydrogen 
sulphide.  They  are  thrown  down,  however,  by  ammonium 
sulphide  (or  other  soluble  sulphides),  that  is,  by  hydrogen 
sulphide  in  alkaline  solution.  Ammonimn  sulphide  is  the 
general  reagent  of  this  group.  Aluminium  and  chromium  (and 
a  greater  part  of  the  rare  metals)  are  precipitated  by  ammonium 
sulphide  as  oxides  of  the  formula  ^J).. 

Oharacteristics  of  the  Divisions. — Although  the  third 
group  of  metals  contains  elements  varying  in  their  chemical 
properties,  the  characteristics  which  are  used  in  analysis 
facilitate  their  classification  into  divisions  comprising  chemically 
sunilar  elements.  Such  a  classification  may  be  based  upon  our 
acquaintance  with  some  of  the  properties  of  the  oxides  and 
sulphides. 

The  oxygen  compounds  of  the  metals  under  discussion  are 
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of  various  kinds.      It  is  suflBcient,  for  our  purpose,  to  notice 
those  of  the  formulas  R^Og  and  EO  : 

_       _     FeO,     MnO,     CoO,     NiO,    ZnO, 
AI3O3,  CraOg,  FegOg,  Mufi^,  C02O3,  Ni203.   — 

The  first  row  consists  of  oxides  of  the  general  formula  EO, 
or  monoxides.  They  easily  give  salts,  to  which  are  applied  the 
termination  -otis,  in  distinction  from  those  of  the  higher  oxides, 
which  end  in  -ic  (ferrous  sulphate,  ferric  chloride).  Since  the 
metals  of  the  first  row  unite  with  one  atom  of  oxygen  to 
form  monoxides,  they  combine  in  this  series  with  two  atoms 
of  a  halogen,  their  chlorides  thus  being  represented  by  the 
formula  ECl^.  In  forming  salts  they  displace  two  atoms  of 
hydrogen  in  the  acid,  the  sulphate,  for  example,  being  ESO^. 
This  degree  of  oxidation  is  unknown  in  alimiinium,  and  though 
we  are  acquainted  with  the  corresponding  compounds  for 
chromium  (for  example,  CrClg),  they  are  so  unstable  that  they 
cannot  exist  under  the  usual  conditions,  and  pass  into  the 
higher  series. 

The  second  series  of  oxides  consists  of  the  sesquioxides,  of 
the  general  formula  E^Og.  Such  an  oxide  is  for  zinc  alone 
unknown.  They  show,  as  far  as  their  stability  and  the  power 
of  forming  salts  are  concerned,  great  variability  in  their 
chemical  character.  One  property,  however,  is  possessed  by 
all,  viz.,  that  of  being  precipitated  from'  their  solutions  in  the 
cold  by  barium  carbonate.  The  oxides  of  aluminium,  chromiimi, 
and  iron  are  easily  transformed  to  the  corresponding  chlorides, 
such  as  ferric  chloride,  FeClg,  and  also  form  salts  with  oxy- 
acids,  as  ferric  sulphate,  Fe2(SO^)3.  The  sesqui-salts  of  these 
metals  are  all  well  defined  and  are  stable ;  of  aluminium  they 
are  the  only  ones  known.  Manganic  chloride,  MnClg,  is  very 
imstable,  and  the  salts  of  oxyacids  with  manganese  sesquioxide 
are  almost  unknown.  The  cobalt  compound,  C0CI3,  exists  only 
in  a  cold  solution,  though  the  cobaltamine  compounds  and 
cobaltic  nitrite  are  relatively  stable.  Nickel  sesquioxide  is  in- 
capable of  foiming  salts.  As  a  result  of  the  variable  stability 
of  the  chlorides,  the  sesquioxides  do  not  all  show  the  same 
behaviour  toward  hydrochloric  acid.  Those  of  aluminium, 
chromium,  and  iron  do  not  evolve  chlorine,  and  their  chlorides 
are  stable,  while  the  sesquioxides  of  manganese,  cobalt,  and 
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nickel  decompose  hydrochloric  acid,  at  the  same  time  being 
transformed  to  salts  of  the  monoxides : 

NijOg  +  6HC1  =  2NiCl2  +  3H2O  +  CU . 

If  peroxides  be  defined  analytically  as  those  oxygen  com- 
pounds which  generate  free  chlorine  when  acted  upon  by 
hydrochloric  acid,  these  oxides  may  be  called  peroxides.  In 
this  relation  they  are  analogous  to  the  higher  oxides  of  the 
same  metals ;  thus,  manganese  peroxide,  Mn02,  ^^^g^^^  ^d, 
HgMnO^,  permanganic  acid,  HMnO^,  and  chromic  acid,  HgCrO^, 
all  afford  a  like  reaction  in  evolving  chlorine  with  hydrochloric 
acid.  As  a  result  of  the  study  of  the  oxides,  aluminium, 
chromium,  and  the  ferric  compounds  of  iron  are  placed  in  a 
separate  division  (Division  1).  Sulphides  of  these  metals  are 
not  formed  in  the  wet  way. 

The  remaining  metals  are  separated  into  divisions  according 
to  the  behaviour  of  their  sulphides  toward  weak  acids.  The 
sulphides  of  ferrous  iron,  manganese,  and  zinc,  are  easily 
soluble  in  hydrochloric  acid,  with  evolution  of  hydrogen 
sulphide  and  formation  of  chlorides.  Nickel  sidphide  and 
cobalt  sulphide  are  not  decomposed  by,  but  almost  insoluble  in, 
dilute  hydrochloric  acid. 

The  third  group  of  metals  is  thus  arranged  in  three  divisions. 
The  general  characteristics  of  (1)  precipitation  by  ammonium 
sulphide,  and  (2)  non-precipitation  by  hydrogen  sulphide,  being 
retained  for  them  all,  the  divisions  can  be  characterised  as 
follows : — 

Division  1:  Aluminium,  Chromiiun,  Ferric  Iron. —  The 
sesquioxides,  RgO,,  are  precipitated  by  barium  carbonate  in  the 
cold.  They  are  not  thrown  down  from  aqueous  solutions  as 
sulphides. 

Division  2  :  Ferrous  Iron,  Manganese,  Zinc.  —  The 
monoxides,  RO,  are  precipitated  neither  by  barium  carbonate 
nor  as  basic  acetates.  The  sulphides,  RS,  are  soluble  in  dilute 
acids. 

Division  3 :  Nickel  and  Cobalt. — The  monoxides,  EO, 
are  precipitated  neither  by  barium  carbonate  nor  as  basic 
acetates,  and  their  sulphides,  RS,  are  insoluble  in  dilute  hydro- 
clxloric  acid. 


I  26         THE  COMPOUNDS  OP  THE  METALS  OF  DIVISION  1  67 

Remark. — Before  taking  up  the  stady  of  the  metals  of  Group  III. 
the  student  must  become  acquainted  with  certain  new  operations.  The 
term  "Ignition''  denotes  the  heating  of  a  substance  to  a  very  high 
temperature,  whether  the  operation  causes  a  change  in  the  ignited  sub- 
stance or  not  Ignition  is  used  for  several  different  purposes,  and  there- 
fore performed  by  various  methods.  In  its  application  to  qualitative 
analysis  (testing  the  stability  at  a  high  temperature,  fusibility,  etc,  of  the 
given  compounds)  the  operation  is  carried  out  in  a  glass  tube  which  is 
sealed  at  one  end.  Usually,  however,  a  substance  is  ignited  in  a  crucible. 
When  a  substance  melts  on  ignition  (either  alone  or  on  the  addition  of 
another  body)  the  operation  is  called  a  "  Fusion."  This  is  rarely  employed 
in  order  to  bring  the  compound  into  a  molten  state,  but  more  often  to 
induce  certain  chemical  reactions. 


GROUP  III.,  DIVISION  1 

ALUMINinM,  CHBOMnJM,  AND   FEBBIC   IBOK 

These  metals  are  placed  in  the  third  group  because  of  their 
non-precipitation  by  hydrogen  sulphide  from  acid  solutions  and 
of  their  behaviour  toward  ammonium  sulphide,  by  which  they 
are  thrown  down  as  hydroxides.  The  characteristics  of  the 
first  division  are  these :  The  oxides  of  the  formula  Rg^s  ^^^ 
precipitated  in  the  cold  by  barium  carbonate ;  aluminium  and 
ferric  iron  form  basic  acetates  insoluble  in  water. 

§  26.  The  OompoTiiids  of  the  Metals  of  Division  1. — 
This  division  embraces  metak  which  are  to  a  high  degree 
similar  in  their  chemical  natures.  The  properties  of  the  metals 
themselves  are  described  under  the  Special  Eeactions,  and  their 
oxides  are  fully  treated  imder  the  General  Eeactions.  Their 
sulphides  are  known,  but  are  formed  only  in  the  absence  of 
water,  and  are  decomposed  by  the  latter  to  the  oxides. 

The  salts, — ^The  oxides,  being  weak  bases,  do  not  unite  with 
weak  acids.  Sulphides  (in  the  wet  way),  thiosulphates,  and 
sulphites  are  unknown ;  carbonates  are  formed  only  by  iion 
and  chromium,  and  even  these  are  basic.  With  the  strong 
acids,  however,  they  form  well-defined  salts :  the  normal 
acetates,  sulphates,  and  nitrates  are  easily  soluble  in  water. 
The  majority  of  the  salts  lose  their  acid  when  heated,  the 
anhydrous  oxides  being  formed  from  the  nitrates  even  at  250°  C, 
and  from  the  sulphates  on  ignition.  The  sulphates,  of  the 
formula  E2(SO^)3,  unite  with  those  of  the  alkali  metak  and 
of  ammonium  to  form  double  salts,  or  alums,  as  KA1(S0^)2, 
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KCr(S0^)2,  KFe(S0^)2.  These  salts  crystallise  in  octahedra, 
and  contain  twelve  molecules  of  water  (manganic  sesqnioxide 
also  forms  such  a  compound).  The  chlorides,  RCl^,  are  soluble 
in  water,  but  on  evaporation  of  the  solutions  to  dryness  they 
partially  or  wholly  give  ofif  their  hydrochloric  acid.  The  anhy- 
drous chlorides  are  volatile  at  a  higher  temperature  (the  facts 
noted  concerning  the  chlorides  of  the  various  metals  should  be 
compared  with  the  statements  made  under  the  Special  Beactions). 
The  oxides,  phosphates,  and  the  basic  salts  of  many  acids,  the 
neutral  salts  of  which  are  soluble,  are  insoluble  in  water.  All 
of  these  compoimds  are,  with  a  few  exceptions,  dissolved  by 
acids. 

As  the  oxides  are  weak  bases,  their  salts  are  easily  decom- 
posed by  water,  with  loss  of  acid.  In  the  case  of  complete 
decomposition  by  water,  the  hydroxide  results,  e,g,  : 

M{C^Rfi^^  +  3H2O  =  A1(0H)3  +  SCgH^Og. 

If  it  is  incomplete,  basic  salts  are  formed : 

A1(C2H302)3  +  HgO  =  Al(OH)(C2H302)2  +  CgH.Og. 

The  formulae  of  the  simplest  basic  salts  correspond  to  those 
of  the  hydroxides,  but  have  one  or  more  of  the  hydroxyl  groups 
replaced  by  acid  radicals.  To  these  simplest  basic  salts  belongs 
the  above  basic  aluminium  acetate.  It  often  happens  that  no 
formula  can  be  assigned  to  basic  salts  formed  in  certain  reactions, 
since  from  every  neutral  salt  compounds  of  widely  varying 
basicity  may  be  derived,  and  their  composition  depends  entirely 
upon  the  conditions  under  which  they  are  obtained,  i^.,  the 
temperature,  amount  of  water  present,  etc.  It  follows  from  the 
above  that  when  basic  salts  are  to  be  formed,  free  acid  must  not 
be  present. 

As  the  oxides  of  aluminium  and  chromium  are  weak  bases 
they  have  the  power  of  uniting  with  other  bases.  The  oxides 
of  aluminium  and  potassium,  for  instance,  form  the  compound, 
potassium  aluminate,  KAlOg ;  those  of  chromium  and  zinc,  the 
compound  ZnCr.,0^.  These  compoimds  are  decomposed  by 
acids ;  they  are  not  formed  by  iron,  or  at  least  there  are  none 
of  definite  composition  known. 

In  spite  of  the  similarity  in  the  properties  of  the  compoimds, 
there  are  still  a  few  differences  in  the  characters  of  the  different 
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metals  of  Group  III.,  Division  1,  which  may  serve  for  their 
qualitative  distinction  and  quantitative  estimation.  These 
variations  are  found  in  the  existence  of  only  one  oxide  of 
aluminium,  while  for  iron  and  chromium  more  than  one  are 
known.  Chromium  forms  a  higher  oxide  in  chromic  acid,  CrOg, 
which  sufl&ces  both  for  its  detection  and  separation.  Oxidation 
is,  therefore,  an  important  reaction  for  chromium.  Iron  forms 
both  the  sesquioxide  and  a  monoxide,  and  the  corresponding 
salts,  being  thus  distinguished  from  both  alimiinium  and 
chromium.  Reduction,  therefore,  is  an  important  reaction  for 
the  ferric  compounds  of  iron. 

We  will  now  turn  to  the  study  of  the  compounds  of  iron, 
aluminium,  and  chromium,  the  properties  of  which  are  made  use 
of  in  analysis. 

General  Reactions 

§  27.  The  hydroxides,  of  the  general  formula  R(0H)3,  are 
very  important  in  both  qualitative  and  quantitative  analyses. 
The  hydroxides  are  insoluble  in  water,  but  dissolve  in  acids 
to  form  salts.  They  are  obtained  as  gelatinous,  voluminous 
precipitates,  which  can  be  washed  only  with  difficulty. 
Aluminium  hydroxide  is  white,  chromium  hydroxide  gray-green 
or  gray -violet,  according  to  the  variety  of  the  chromic  salt 
from  which  it  is  deposited — the  green  or  violet  (§  32).  Ferric 
hydroxide  is  red-brown.  As  already  mentioned,  in  addition  to 
the  usual  reactions  for  obtaining  the  insoluble  hydroxides, 
eg,,  the  precipitation  by  alkalies  or  ammonia,  those  of 
aluminium  and  chromium  are  also  thrown  down  by  carbonates, 
sulphites,  thiosulphates,  and  soluble  sulphides,  as  they  are 
incapable  of  forming  the  corresponding  salts.  We  shall  now 
consider  each  of  these  reactions  in  which  hydroxides  are 
formed. 

Conditions  for  the  complete  precipitation  of  the  hydroxides. — Under  tlie 
conditions  mentioned  below,  the  suitable  reagents  throw  down  the 
hydroxides  either  incompletely  or  not  at  all.  Non-volatile  organic  acids, 
such  as  tartaric,  citric,  oxalic,  etc,  can  hinder  the  reaction  more  or  less, 
according  to  the  quantity  in  which  they  are  present ;  or,  if  this  be  large, 
they  may  even  entirely  prevent  precipitation.  This  fact  is  explained  by 
the  properties  of  the  salts  of  these  organic  acids.  Aluminium  tartrate  and 
citrate  are  both  easily  soluble  in  water ;  they  are  not  precipitated  from 
solution  as  hydroxides  by  the  action  of  the  alkdies,  ammonia,  or  carbonates, 
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KCr(S0^)2,  KFeCSO^)^.  These  salts  crystallise  in  octahedra, 
and  contain  twelve  molecules  of  water  (manganic  sesqnioxide 
also  forms  such  a  compound).  The  chlorides,  RCI3,  are  soluble 
in  water,  but  on  evaporation  of  the  solutions  to  dryness  they 
partially  or  wholly  give  ofif  their  hydrochloric  acid.  The  anhy- 
drous chlorides  are  volatile  at  a  higher  temperature  (the  facts 
noted  concerning  the  chlorides  of  the  various  metals  should  be 
compared  with  the  statements  made  under  the  Special  Eeactions). 
The  oxides,  phosphates,  and  the  basic  salts  of  many  acids,  the 
neutral  salts  of  which  are  soluble,  are  insoluble  in  water.  All 
of  these  compoimds  are,  with  a  few  exceptions,  dissolved  by 
acids. 

As  the  oxides  are  weak  bases,  their  salts  are  easily  decom- 
posed by  water,  with  loss  of  acid.  In  the  case  of  complete 
decomposition  by  water,  the  hydroxide  results,  e.g,  : 

Al{C^Ufi^^  +  3H2O  =  A1(0H)3  +  SCgH^Og. 
If  it  is  incomplete,  basic  salts  are  formed : 

The  formulae  of  the  simplest  basic  salts  correspond  to  those 
of  the  hydroxides,  but  have  one  or  more  of  the  hydroxyl  groups 
replaced  by  acid  radicals.  To  these  simplest  basic  salts  belongs 
the  above  basic  aluminium  acetate.  It  often  happens  that  no 
formula  can  be  assigned  to  basic  salts  formed  in  certain  reactions, 
since  from  every  neutral  salt  compoimds  of  widely  varying 
basicity  may  be  derived,  and  their  composition  depends  entirely 
upon  the  conditions  under  which  they  are  obtained,  ic,  the 
temperature,  amount  of  water  present,  etc.  It  follows  from  the 
above  that  when  basic  salts  are  to  be  formed,  free  acid  must  not 
be  present. 

As  the  oxides  of  aluminium  and  chromium  are  weak  bases 
they  have  the  power  of  uniting  with  other  bases.  The  oxides 
of  aluminium  and  potassium,  for  instance,  form  the  compound, 
potassium  aluminate,  KAlOg ;  those  of  chromium  and  zinc,  the 
compound  ZnCrgO^.  These  compounds  are  decomposed  by 
acids ;  they  are  not  formed  by  iron,  or  at  least  there  are  none 
of  definite  composition  known. 

In  spite  of  the  similarity  in  the  properties  of  the  compoimds, 
there  are  still  a  few  differences  in  the  characters  of  the  different 
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metals  of  Group  III.,  Division  1,  which  may  serve  for  their 
qualitative  distinction  and  quantitative  estimation.  These 
variations  are  found  in  the  existence  of  only  one  oxide  of 
aluminium,  while  for  iron  and  chromium  more  than  one  are 
known.  Chromium  forms  a  higher  oxide  m  chromic  acid,  CrOg, 
which  suffices  both  for  its  detection  and  separation.  Oxidation 
is,  therefore,  an  important  reaction  for  chromium.  Iron  forms 
lx)th  the  sesquioxide  and  a  monoxide,  and  the  corresponding 
salts,  being  thus  distinguished  from  both  alimiiniimi  and 
chromium.  Reduction,  therefore,  is  an  important  reaction  for 
the  ferric  compounds  of  iron. 

We  will  now  turn  to  the  study  of  the  compounds  of  iron, 
aluminium,  and  chromium,  the  properties  of  which  are  made  use 
of  in  analysis. 

General  Reactions 

§  27.  The  hydroxides,  of  the  general  formula  R(OH)g,  are 
very  important  in  both  qualitative  and  quantitative  analyses. 
The  hydroxides  are  insoluble  in  water,  but  dissolve  in  acids 
to  form  salts.  They  are  obtained  as  gelatinous,  voluminous 
precipitates,  which  can  be  washed  only  with  difficulty. 
Aluminium  hydroxide  is  white,  chromium  hydroxide  gray-green 
or  gray -violet,  according  to  the  variety  of  the  chromic  salt 
from  which  it  is  deposited — the  green  or  violet  (§  32).  Ferric 
hydroxide  is  red-brown.  As  already  mentioned,  in  addition  to 
the  usual  reactions  for  obtaining  the  insoluble  hydroxides, 
cjg,^  the  precipitation  by  alkalies  or  ammonia,  those  of 
aluminium  and  chromium  are  also  thrown  down  by  carbonates, 
sulphites,  thiosulphates,  and  soluble  sulphides,  as  they  are 
incapable  of  forming  the  corresponding  salts.  We  shall  now 
consider  each  of  these  reactions  in  which  hydroxides  are 
formed. 

CondxHfyM  for  the  Mmplete  'precipitatwu  of  the  hydroxides. — Under  the 
conditions  mentioned  below,  the  suitable  reagents  thi'ow  down  the 
hydroxides  either  incompletely  or  not  at  all.  Non-volatile  organic  acids, 
such  as  tartaric,  citric,  oxalic,  etc.,  can  hinder  the  reaction  more  or  less, 
according  to  the  quantity  in  which  they  are  present ;  or,  if  this  be  large, 
they  may  even  entirely  prevent  precipitation.  This  fact  is  exi)lained  by 
the  properties  of  the  salts  of  these  organic  acids.  Aluminium  tartrate  and 
citrate  are  both  easily  soluble  in  water ;  they  are  not  precipitated  from 
solution  as  hydroxides  by  the  action  of  the  alkalies,  ammonia,  or  carbonates, 
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but  form  soluble  double  salts  instead  {e.g.f  a  double  salt  of  aluminium  and 
potassium),  of  which  the  tartrate,  K  A1(C^ ^^0^)2 ,  and  others  are  known.  This 
property  of  forming  double  salts  explains  why  the  precipitation  results 
incompletely  or  not  at  all  when  aluminium,  ferric,  and  chromic  salts  are 
thrown  down  in  presence  of  such  organic  acids.  Not  only  non-volatile 
acids,  but  also  non-volatile  organic  substances  in  general,  such  as  sugar, 
cellulose,  and  filter  paper,  hinder  more  or  less  the  precipitation,  especially 
that  of  aluminium  hydroxide.  The  cause  of  this  is  likewise  the  fonnation 
of  soluble  double  compounds.  To  obtain  a  complete  precipitation  all 
organic  substances  which  may  be  present  must  first  be  decomposed. 

Ill  taking  up  the  consideration  of  the  general  reactions,  the 
student  should  remember  the  statements  made  concerning  this 
class  of  reactions  in  the  first  part  of  §  17,  and  study  them  in 
accordance  with  the  importance  which  they  attain. 

§  28.  Formation  of  the  Hydroxides. — A.  Heaction  with 
barium  carhoTuUe. — This  reaction,  one  of  the  most  important 
for  the  salts  of  the  metals  under  consideration,  results  according 
to  the  following  equation,  in  which  aluminium  chloride  is  used 
as  an  example : 

2AiCl3  +  SBaCOg  +  SHgO  =  2A1(0H)3  +  SBaClg  +  3C0o. 

The  reaction  with  barium  carbonate  is  used  exclusively  for  the 
separation  of  this  division  from  the  second  and  third  of  this 
group,  and  the  conditions  necessary  for  complete  separation 
and  for  complete  precipitation  must  therefore  be  carefully 
considered. 

The  solution  to  be  investigated  must  contain  no  sulphuric 
acid.  The  separation  is  impossible  if  the  metals  of  Group  III. 
are  present  as  sulphates,  since  these  decompose  barium  carbonate. 
If  nickel  sulphate  be  taken  as  an  example, 

NiSO^  +  BaCOg  =  NiCOg  +  BaSO^  ; 

it  is  seen  that  the  insoluble  nickel  carbonate  would  be  formed 
by  the  reaction  and  found,  together  with  the  hydroxides  of 
Division  1,  in  the  precipitate.  A  separation  under  these  con- 
ditions is  therefore  impossible,  and  sulphuric  acid  must  first  be 
tested  for  and  removed  if  found.  In  the  systematic  course  of 
analysis  this  condition  is  satisfied  by  precipitation  with  ammonium 
sulphide.  As  the  solutions  which  the  student  generally  uses  for 
examining  the  metals  of  this  group  are  those  of  alums,  these 
compounds  must  be  changed  to  the  chlorides  before  the  reaction 
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can  be  studied  The  student  should  also  have  his  attention 
called  to  another  point,  viz.,  that  as  barium  carbonate  is  a 
general  precipitant  for  the  oxides  of  the  formula  Rg^s*  ^^ 
throws  down  Mn^Og  and  Co^Og  as  well  as  the  oxides  of  this 
division.  The  separation  of  the  first  division  from  the  others 
can  be  accurately  accomplished  in  spite  of  this  fact,  as  in  the 
systematic  course  neither  the  salts  of  cobaltic  nor  manganic 
sesquioxide  can  remain  in  solution,  having  been  reduced,  if 
present,  by  the  hydrochloric  acid  and  hydrogen  sulphide 
previously  used.  The  above  are  the  theoretical  requisites  for 
the  application  of  barium  carbonate  in  separations.  Let  us 
now  consider  the  conditions  necessary  for  complete  precipitation. 
Since  the  reaction  occurs  between  a  solid  body  and  a 
solution,  the  barium  salt  must  be  freshly  precipitated,  and 
shaken  with  water  to  a  milk  without  previous  dr}ing;  it 
should  not  be  kept  long  under  water,  as  the  amorphous  barium 
carbonate  gradually  becomes  crystalline,  and  in  this  state  pre- 
cipitates the  oxides  with  greater  difficulty.  The  bariimi 
carbonate  must  (in  being  prepared  from  barium  chloride  and 
ammonium  carbonate)  be  thoroughly  washed.  The  solution 
from  which  the  hydroxides  are  to  be  precipitated  must  have  a 
slightly  acid  or  neutral  reaction.  In  order  to  avoid  using  too 
much  barium  carbonate  without  purpose,  the  solution,  if  acid, 
is  first  neutralised  with  sodium  carbonate,  drop  by  drop  being 
added  until  a  permanent  turbidity  is  obtained ;  this  is  then 
dispelled  by  a  few  drops  of  hydrochloric  acid.  The  barium 
carbonate,  suspended  in  water,  is  then  added,  and  the  solution 
allowed  to  stand  in  the  cold  for  at  least  twelve  houi-s.^  If  an 
insufficient  quantity  of  the  carbonate  be  added,  the  precipitation 
will  not  be  complete.  Chromium  solutions  are  precipitated 
much  more  slowly  than  those  of  aluminium  or  iron.  The 
reaction  is  not  as  simple  as  the  equation  given  in  the  first  part 
of  this  paragraph  indicates,  the  composition  of  the  precipitate 
being  very  complicated.  In  addition  to  the  hydroxides,  which 
make  up  the  greater  portion,  it  contains  a  mixture  of  basic 
carbonates,  basic  salts  of  the  acid  the  salt  of  which  waa 
decomposed,  and  the  excess  of  barium  carbonate  which  has  had 

^  Barium  carbonate  often  has  a  different  action  on  hot  solutions  from  that 
caused  in  the  cold  ;  for  instance,  it  has  no  effect  on  zinc  salts  in  the  cold,  although 
on  boiling  the  solution  the  latter  are  precipitated. 
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'no  action.  The  examination  of  the  precipitate  is  explained 
under  the  Separation  of  Division  2  from  Division  1,  §  40  B. 
In  stud3dng  this  reaction,  the  student  should  make  it  with  each 
single  metal  It  is  left  to  him  to  find  out  and  to  make,  after 
experiments  with  each  metal,  a  confirmatory  test  of  the 
completeness  of  the  precipitation. 

B.  The  action  of  alkaline  hydroxides. — The  formation  of 
the  hydroxides  by  this  reaction  and  their  behaviour  to  an 
excess  of  the  reagent  are  important,  both  as  a  qualitative 
reaction  and,  to  a  certain  degree,  in  separations.  The  hy- 
droxides of  aluminium  and  chromium  are  soluble  in  alkalies, 
aluminiimi  fonning  a  potassium  aluminate,  KAIO^.  Ferric 
hydroxide  does  not  dissolve  in  alkalies.  The  application  of 
these  reactions  to  the  detection  of  the  single  metals  will  be 
noticed  imder  the  Special  Eeactions. 

As  for  the  usefulness  of  these  reactions  in  separation,  it 
must  be  noticed  that  they  vary  in  presence  of  the  salts  of  more 
than  one  of  the  metals.  Thus,  in  the  presence  of  chromium 
and  iron  hydroxides,  potassium  hydroxide  does  not  dissolve  all 
the  chromium,  while  on  the  other  hand,  some  of  the  ferric  hy- 
droxide passes  into  solution.  Chromium  oxide  is  even  more 
difficultly  dissolved,  if  lead,  zinc,  magnesium,  calcium,  nickel, 
or  cobalt  are  present ;  this  is  due  to  the  formation  of  compounds 
of  these  oxides  with  chromic  oxide,  similar  to  the  aluminates 
(for  example,  MgCr^O^ ;  ferrous  chromic  oxide,  FeCrgO^ — the 
native  chrome-iron  ore — also  belongs  to  this  class),  which  are 
insoluble  in  alkaline  hydroxides.  The  formation  and  insolu- 
bility of  these  compounds  can  be  readily  observed  by  means  of 
the  following  experiments: — Zinc  oxide  dissolves  in  caustic 
potash ;  if  such  a  solution  be  mixed  with  one  of  chromium 
oxide,  also  in  caustic  potash,  a  compound  insoluble  in  the 
alkali  will  be  precipitated.  When  the  foreign  oxides  stand  in 
certain  proportions  to  that  of  chromium,  they  will  in  part  be 
carried  into  solution  with  the  latter.  The  reaction  with  the 
alkali  hydroxides  cannot  be  employed  in  separating  iron  from 
aluminium,  either  in  presence  of  metallic  oxides  of  another 
group,  or  in  that  of  chromium  alone,  and  the  absence  of 
chromium  must  be  established  before  its  use  is  permitted.  The 
oxides  are  treated  in  the  cold  with  an  excess  of  alkali,  and  then 
filtered ;    ferric    hydroxide    remains   on   the    filter,    and    the 
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filtrate  contains  potassium  aluminate,  from  which  aluminium 
hydroxide  is  separated  as  explained  in  the  Special  Eeactions. 
The  precipitate  of  ferric  hydroxide  must  at  first  be  washed  by 
decantation,  since  caustic  potash  acts  upon  the  filter  paper  and 
renders  filtration  difficult.    The  washing  is  finished  on  the  filter. 

C.  Action  of  ammonia. — Ammonia  precipitates  tlie  respective  hy- 
droxides from  the  solutions  of  aluminium,  chromium,  and  ferric  salts. 
Aluminium  hydroxide  is  hardly  soluble  in  ammonia,  chromic  hydroxide 
slightly  more  so,  and  ferric  oxide  absolutely  insoluble  (see  Special 
Reactions). 

D.  Action  of  the  carbonates  of  potassium,  sodium,  and  ammonium. — 
'  The  basic  salts  or,  more  correctly,  a  mixture  of  the  hydroxide  and  basic 

carbonates,  are  formed,  with  evolution  of  carbon  dioxide.  The  excess  of 
the  carbonate  added  is  converted  to  an  acid  carbonate.  The  behaviour 
of  the  precipitates  to  an  excess  of  the  reagent  varies  (see  Special 
Beactions). 

R  Ammonium  sulphide  precipitates  the  hydroxide  from 
aluminium  and  chromium  salts,  hydrogen  sulphide  being  at 
the  same  time  set  free.  Let  us  take,  as  an  example,  the 
reaction  with  aluminium  sulphate : 

Al2(S0^3  +  3(NH^2S  +  6H2O  =  2A1(0H)3  +  3(NH4)2S04  +  3H2S. 

Sulphides  of  these  metals  are  not  formed.  Ferric  salts,  which 
usually  resemble  those  of  aluminium,  are  reduced  by  the  action 
of  ammonium  sulphide,  and  a  new  addition  of  the  reagent 
produces  a  black  precipitate  of  ferrous  sulphide  : 

2FeCl3  +  (NH4)2S  =  2  FeCl2  +  SNH^Cl  +  S, 
FeClj  +  (NH4)2S  =  FeS  +  2NH^CL 

This  reaction  serves  for  the  separation  of  this  division  from  the 
metals  of  Group  II.  The  solution  is  first  treated  with  a 
sufficient  quantity  of  ammonium  chloride,  and  the  ammonium 
sulphide  then  gradually  added  until  it  ceases  to  cause  a  pre- 
cipitate. The  solution  is  then  placed  aside  for  an  hour  in  a 
closed  vessel  and  finally  filtered.  The  addition  of  ammonium 
chloride  has  been  empirically  found  beneficial;  it  has  in  all 
probability  an  influence  on  the  composition  of  the  precipitate 
(see  §  31).  The  precipitation  is  complete.  The  further 
treatment  of  the  precipitate  is  explained  under  the  systematic 
course  of  analysis.  All  operations  with  ammonium  sulphide, 
as  well  as  the  washing  of  the  precipitates,  should  be  carried  on 
in  a  room  especially  designated  for  such  purposes. 
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F.  Sodium  mlphiU  and  thiosulphaUf  NagSOg,  and  Na^SgOg,  likewise 
precipitate  aluminium  and  chromium  hydroxides,  since  their  sulphites 
and  thiosulphates  cannot  exist.  Sulphur  dioxide  is  liberated  in  the 
reaction  with  either  of  these  reagents.  (Thiosulphates  decompose  with 
formation  of  sulphur  and  sulphur  dioxide) : 

2AICI3  +  SNa^SOs + 3H2O = 2A1(0H)3 + «NaCl  +  3S0„ 
.  2  AICI3 + SNaAOj + SHjO  =  2A1(0H)8  +  6NaCl  +  SSOj + 3S. 

Iron  solutions  are  not  precipitated  by  these  reagents,  the  sulphur  dioxide 
released  being  oxidised  to  sulphuric  acid,  and  the  ferric  iron  reduced  to  a 
ferrous  salt  (compare  §  34  B) : 

2FeCl3  +  NajSjOa  +  HjO = 2FeCl2  +  2NaCl  +  HaSO^  +  S. 

• 

§  29.  The  anhydrous  oxides  of  aluminium,  chromium,  and  iron, 
are  distinguished  in  many  ways  from  the  hydroxides.  The  reactions  by 
which  they  are  formed  consist  mainly  in  ignition  of  the  hydroxides  or  of 
the  salts  which  easily  part  with  their  acid,  such,  for  example,  as  the 
nitrates,  salts  of  organic  acids,  etc  Aluminium  oxide  forms,  according  to  the 
degree  of  heat  to  which  it  is  subjected,  cither  a  white  powder  or  a  porous  mass. 
Chromic  oxide  is  a  green,  ferric  oxide  a  brown  powder.  The  anhydrous 
oxides,  even  if  but  slightly  ignited,  are  extremely  difficultly  soluble  in  acids, 
and  as  it  often  happens  in  analysis  that  they  must  be  ignited  before  their 
solution,  the  latter  becomes  an  important  operation.  Hydrochloric  acid 
is  sufficient  for  the  solution  of  well-ignited  ferric  oxide.  The  operation 
is  performed  by  pouring  fuming  hydrochloric  acid  over  the  ignited 
oxide,  wanning  for  some  time  on  the  water-bath,  and  treating  with  water, 
whereupon  ferric  chloride  passes  into  solution.  Aluminium  and  chromium 
oxides  cannot  be  dissolved  in  this  way,  since  when  in  the  anhydrous 
state  they  are  much  less  readily  attacked  by  acids  than  iron  oxide. 
Alumina  is  treated  with  concentrated  sulphuric  acid  (3  parts  acid  to  1 
part  water)  in  the  manner  described  above,  t.«.,  it  is  warmed  on  the  water- 
bath  and  taken  up  with  water.  Chromium  oxide  is  brought  into  solution 
most  easily  by  ignition  with  sodium  carbonate  and  potassium  nitrate,  an 
easily  soluble  alkali  chromate  being  thus  formed  (see  Special  Reactions, 
§32). 

§  SO.  The  Acetates. — Acetic  acid,  C2HgO(OH),  is  a  mono- 
basic acid.  The  neutral  acetates  of  the  formula  "R^C^Kfi^^ 
are  easily  soluble  in  water  (the  formation  of  ferric  acetate  as  a 
qualitative  test  for  ferric  iron  is  described  in  §  34).  The  basic 
salts  of  iron  and  aluminium  are  insoluble  (chromium  has  no 
insoluble  basic  acetate)  and,  in  the  absence  of  chromium,  they 
are  used  as  a  means  of  separating  iron  and  aluminium  from  the 
metals  of  Group  III.,  Division  2. 

Before  taking  up  the  practical  methods,  it  may  be  well  to 
say  a  few  words  concerning  this  complicated  reaction.  The 
basic  salts  are  formed  by  the  action  of  water  upon  neutral 
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solutions  of  acetates  (§  26).  The  composition  of  the  basic  salt 
of  aluminium  is  Al(C2H302)2(OH),  its  formation  from  the  neutral 
salt  being  expressed  by  the  following  equation : 

M(C^fi^,  +  HgO  =  AI(C2H302)2(OH)  +  C^H.O^ . 

The  reactions  are  complicated  by  the  fact  that  from  the 
solutions  of  their  acetates  soluble  aluminium  and  ferric  hy- 
droxides can  be  separated  (c.<7.,  by  dialysis),  the  solutions  of 
which  deposit  the  insoluble  hydroxides,  either  when  heated  or 
on  the  addition  of  salts  : 

Fe(C2H302)3  +  SHgO  =  Fe(0H)3  +  3C2H^02. 

The  composition  of  the  precipitates  as  they  are  obtained  in 
analysis  is  therefore  very  complicated.  That  of  the  ferric 
compound  consists  chiefly  of  ferric  hydroxide. 

The  reaction  is  obtained  as  follows :  the  solution  is  neutra- 
lised by  sodium  carbonate,  until  the  turbidity  caused  does  not 
disappear  on  stirring ;  hot  water  and  a  suflBcient  quantity  of 
sodium  acetate  are  then  added,  and  the  whole  boiled  for  a  short 
time.  Precipitates  of  basic  salts  hereupon  separate,  which  are 
red-brown  of  iron,  white  of  aluminium.  The  solution  is  filtered 
hot,  and  washed  with  a  dilute  solution  of  sodium  acetate. 
The  further  treatment  of  the  precipitate  is  given  in  the  Syste- 
matic Course,  §  40,  and  we  remark,  here,  only  that  these  basic 
salts  are  decomposed  by  alkalies,  the  aluminium  hydroxide 
formed  dissolving  in  excess  of  the  alkali. 

Special   Eeactions 

Aluminium 

§  31.  Aluminium  is  a  white,  light  metal,  of  sp.  gr.  2*6, 
melting  at  625"*  C,  and  non- volatile.  It  does  not  decompose 
water,  even  on  boiling.  Hydrochloric  acid  dissolves  it  easily, 
with  evolution  of  hydrogen  and  fonuation  of  aluminium 
chloride.  Sulphuric  and  nitric  acids  have  only  a  slight  action 
upon  it,  the  layer  of  hydrogen  formed  in  the  first  case,  and  of 
nitric  oxide  in  the  second,  protecting  the  metal  from  further 
attack,  although  both  aluminium  sulphate  and  nitrate  are  easily 
soluble  in  water.     It  also  dissolves  in  the  alkalies,  especially 

F 
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potassium  hydroxide,  with  evolution  of  hydrogen  and  foiioation 
of  an  aluminate : 

KOH  +  HjO  +  Al  =  KAIO2  +  3H. 

The  alloys  of  aluminium  worthy  of  mention  are  aluminium  iron 
and  aluminium  bronze ;  their  analyses  will  be  considered  under 
the  respective  metals.  All  the  general  statements  made 
concerning  the  salts  of  the  metals  in  this  Division  can  be 
applied  expressly  to  those  of  aluminium  (§  26). 

Reactions  of  Aluminium  Salts. — The  properties  made  use 
of  for  analytical  purposes  have  nearly  all  been  mentioned 
under  the  Greneral  Beactions.  Let  us  turn  again  to  the  most 
important 

Aluminium  hydroxide  is  a  white,  gelatinous  precipitate, 
insoluble  in  water,  but  soluble  in  acids.  It  is  thrown  down 
from  solutions  of  aluminium  salts  by  the  following  reagents : — 

Ammonia  produces  a  precipitate  consisting  of  the  hydroxide 
and  basic  salts,  soluble  in  great  excess  of  the  reagent  (ammonium 
salts  lessen  the  solubility).  In  testing  for  small  quantities  of 
aluminium  this  behaviour  to  anmionia  should  always  be  kept 
in  mind.  If  the  solution  be  boiled  for  a  short  time  the  pre- 
cipitation is  complete:  on  protracted  heating  in  presence  of 
ammonium  salts  a  portion  of  the  hydroxide  redissolves, 
probably  in  the  acid  liberated  through  the  decomposition  of 
the  ammoniimi  salts.  The  precipitated  hydroxide  is  gelatinous, 
difficultly  washed  with  water,  and  has  the  composition  of  the 
normal  hydrate,  Al(OH) . 

Alkali  hydroocides  (§28  B). — Aluminium  oxide  dissolves 
easily  in  excess  of  caustic  alkalies,  forming  a  soluble  potassium 
or  sodium  aluminate.-  The  reprecipitation  of  the  hydroxide 
from  this  solution  is  important  as  a  qualitative  indication  of 
aluminium  salts.  The  aluminate  solution  being  stable  on 
heating,  precipitation  must  be  eflFected  by  neutralising  the 
alkali ;  it  can  be  brought  about  by  the  action  of  acids,  even 
that  of  hydrogen  sulphide  or  carbonic  acid,  as  the  hydroxide  is 
insoluble  in  either  potassium  sulphide  or  carbonate.  The  direct 
use  of  a  stronger  acid,  such  as  hydrochloric  or  sulphuric,  is 
inadvisable,  as  the  accidental  addition  of  an  excess  would  re- 
dissolve  the  precipitate.  It  is  preferable  to  neutralise  the 
solution  by  means  of  an  ammonium  salt,  as  an  excess  of  the 
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latter  has  no  efifect  upon  the  subsequent  course  of  analysis  (see 
above) ;  the  salt  usually  chosen  is  ammonium  chloride.  If  this 
reagent  be  added  to  the  solution  of  the  aluminate,  the  precipi- 
tation begins  even  in  the  cold  if  the  solution  is  concentrated, 
and  is  complete  on  boiling.  In  this  reaction  the  caustic  alkali 
decomposes  the  ammonium  salt,  setting  free  ammonia  and 
forming  potassium  chloride,  and  the  hydroxide  is  precipitated 
as  soon  as  the  alkali  has  become  neutralised.  The  precipitate 
thus  obtained  is  denser  and  more  easily  washed  than  the 
normal  hydroxide.  It  has  the  formula  Al^^Og .  2H2O,  which  may 
be  written  (0H)2A1 — 0 — A1(0H)2,  and  is  a  semi-anhydride  of 
the  normal  aluminium  hydroxide : 

2KAIO2  +  2NH^C1  +  H2O  =  AlgOg .  2H2O  +  2KC1  +  2NH3 . 

This  is  a  very  characteristic  reaction  of  aluminium  salts. 
Barium  hydroxide  can  be  substituted  for  the  alkalies  used. 

The  alkali  carbonates  precipitate  a  mixture  of  the  hydroxide 
and  basic  carbonates,  which  dissolves  slightly  in  an  excess  of 
the  reagents.  From  boiling  solutions  the  precipitation  is 
complete. 

Barium  carhoTiate  (§  28  A)  completely  precii)itates 
aluminium  hydroxide  from  cold  solutions. 

Ammonium  sulphide  throws  down  ahmiinium  hydroxide. 
The  addition  of  ammonium  chloride  (in  separations,  §  28  E) 
is  beneficial,  apparently  influencing  tlie  composition  of  the 
precipitate. 

The  formation  of  ahiminmm  hydroxide  by  precipitation  with  a  salt  of 
Bulphurous  or  thioaulpliuric  acid  is  employed  only  for  the  quantitative 
separation  of  aluminium  from  iron.  It  is  described  under  that  head 
(§  122). 

Nonrvolatile  organic  acids,  such  as  citric  or  tartaric,  when 
present  in  large  quantities  completely  prevent  the  precipitation 
of  aluminium  hydroxide  by  the  above  rciigents  (§  27).  Otlier 
organic  substances,  e.g.,  sugar,  cellulose,  pieces  of  Alter  paper, 
etc.,  are  also  detrimental  to  its  formation. 

Anhydrous  aluminium  omde  (§  29)  has  dififerent  properties. 
Its  difficult  solubility  in  acids  is  especially  characteristic. 
When  moistened  with  a  drop  of  a  cobalt  nitrate  solution  on  a 
platinum  wire  and  ignited,  a  blue  coloration  is  obtained  which 
becomes  especially  apparent  on  cooling :  it  is  due  to  the  forma- 
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tion  of  a  cobalt  aluminate  (Thenard's  Blue).  As  many  other 
substances  show  the  same  coloration  with  cobalt  nitrate  the 
test  does  not  absolutely  establish  the  presence  of  aluminium. 

The  basic  acetates  of  aluminium  are  described  in  §  30. 
They  are  important  only  in  separations. 

Chromium 

Metallic  chromium,  which  is  very  rare,  can  seldom  be  met 
with  in  the  course  of  an  analysis.  Chrome-iron  ore,  one  of  its 
alloys,  is  used  in  the  arts  (see  Iron).  Chromium  differs  from 
aluminium  and  iron,  as  we  have  already  shown,  chiefly  in  the 
formation  of  a  higher  oxide,  chromic  acid.  The  reactions  of 
this  compound  are  used  in  the  separation  of  chromium.  Under 
chromium,  therefore,  we  must  consider  both  the  oxide  and  its 
derivatives,  and  chromic  acid,  and  also  the  conversion  from  the 
oxide  to  the  acid  and  vice  versd. 

§  32.  Chromic  salts. — The  remarks  made  in  §  26  may  all 
be  applied  to  the  salts  of  chromic  oxide.  The  salts  with 
volatile  acids  lose  their  acid  and  pass  into  the  oxide  on  ignition. 
The  anhydrous  chloride,  CrCl^,  is  a  violet,  volatile  compound, 
insoluble  in  water  or  acids,  and  formed  only  in  reactions 
in  which  the  presence  of  water  is  excluded.  Chromic 
hydroxide  dissolves  readily  in  hydrochloric  acid,  however,  the 
resulting  solution  containing  the  hydrated  chloride.  The 
chromic  salts  are  remarkable  in  that  almost  all  of  them  exist 
in  two  modifications,  one  green  and  the  other  violet.  Several 
varieties  of  the  hydroxide  are  also  known. 

The  green  and  violet  solutions  of  chromic  salU. — Crystalline  salts  can  be 
obtained  directly  only  from  the  violet  solutions.  The  green  solutions  leave 
on  evaporation  a  sirupy  Hquid  from  which  (if  sufficient  water  be  present) 
violet  crystals  separate  in  time.  The  distinction  in  the  colour  of  the  precipi- 
tate excepted,  there  is  no  great  difference  between  the  reactions  of  the  two 
varieties  of  chromic  salts.  Precipitates  obtained  from  green  solutions  are 
grayish  green,  from  the  violet  they  are  gray-\'iolet.  To  a  certain  extent 
a  difference  exists  in  the  formation  of  chromic  phosphates  in  the  one  or 
the  other  solution, — the  violet  being  precipitated  by  sodium  phosphate 
immediately,  the  green,  only  after  some  time.  One  more  important  point 
is  to  be  considered :  from  a  green  solution  of  chromic  sulphate  barium 
salts  do  not  throw  down  the  whole  of  the  sulphuric  acid  as  barium  sulphate 
(only  two-thirds  of  it) ;  silver  salts,  hkewise,  do  not  precipitate  all  the 
chlorine  from  the  green  chromic  chloride  solutions  as  silver  chloride.  The 
violet  solutions,  on  the  contrary,  are  completely  precipitated.      Either 
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variety  can  be  converted  into  the  other,  the  violet  being  transformed  to 
the  green  in  the  course  of  time  on  standing,  more  quickly  on  being  boiled  ; 
and  on  the  other  hand,  the  green  changing  to  the  violet  on  crystallisation, 
as  we  have  already  noticed.  As  a  rule,  chromic  alum  is  the  salt  used 
for  laboratory  experiments  ;  prepared  in  the  cold,  its  solution  is  violet, 
bnt  in  the  course  of  time  it  becomes  green.  As  a  very  long  period,  how- 
ever, is  necessary  for  the  complete  transformation,  some  of  the  violet 
solution  always  remains,  and  thus  a  mixture  of  the  two  varieties  is  usually 
employed  in  the  reactions.  These  phenomena  are  caused  by  the  action  of 
water  npon  the  neutral  chromic  salts,  the  green  solutions  containing  basic 
compounds. 

The  reactions  of  chromic  salts  consist,  like  those  of 
aluminium,  in  the  formation  of  the  hydroxide  by  different 
methods. 

Chromic  hydro^mde  is  a  gelatinous  precipitate,  in  colour 
gray-green  or  gray-violet,  according  to  the  variety  of  solution 
from  which  it  is  deposited  ;  it  is  insoluble  in  water,  but  soluble 
in  acids.  The  most  important  means  of  obtaining  it  are  as 
follows : — 

Caustic  alkalies,  added  in  excess,  dissolve  the  chromic  hy- 
droxide at  first  formed  and  yield  an  emerald-green  solution.  As 
the  presence  of  any  one  of  several  other  oxides  greatly  influences 
the  solubility  of  the  hydroxide  in  alkalies  (§  28  B),  this 
characteristic  reaction  cannot  be  employed  for  the  separation 
of  chromium  from  the  other  metals.  On  prolonged  boiling 
the  chromic  hydroxide  is  completely  deposited  from  the  alka- 
line solution.  It  can  also  be  precipitated,  in  the  same  manner 
as  aluminium  hydroxide,  by  neutralising  the  alkali  (with  am- 
monium chloride). 

Ammonia  precipitates  the  hydroxide,  slightly  soluble  in 
excess  to  a  violet  solution.  The  precipitation  is  made  complete 
by  boiling. 

Barium  carhonate  completely  precipitates  from  a  cold 
solution  a  mixture  of  hydroxide  and  basic  salts.  Complete 
precipitation  is  obtained  only  after  some  time  (12  hours); 
for  the  conditions  of  reaction,  see  §  28  A. 

Ammonium  sulphide  likewise  precipitates  the  hydroxide 
(§  28  E). 

Nom-volaiile  organic  acids  influence  or  completely  hinder 
the  precipitation  of  chromic  hydroxide  (§  27). 

Anhydrous  chromic  oxide  is  obtained  by  igniting  the 
hydroxide.     As  it  is  insoluble  in  acids,  in  order  to  get  it  into 
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solution  it  must  be  treated  according  to  the  directions  in  §  29. 
Solution  of  the  anhydrous  oxide  by  oxidation  is  described 
more  fully  below. 

In  analyses  of  compounds  of  this  Division  the  presence 
or  absence  of  chromium  must  be  positively  established,  in  order 
to  enable  the  selection  of  a  correct  method  of  separation.  The 
following  is  an  important  reaction  employed  for  this  purpose : 
Anhydrous  chromic  oxide  (like  the  oxides  of  many  other  metals) 
dissolves  in  molten  microcosmic  salt  or  borax  to  an  emerald- 
green  bead.  The  experiment  is  made  as  follows :  The  loop  of 
a  platinum  wire  is  brought  to  a  red  heat  and  dipped  into  the 
vessel  of  borax  or  so-called  microcosmic  salt  (NH^NaHPO^). 
The  salt  clinging  to  the  loop  is  then  introduced  to  the  flame  of 
the  gas-burner.  When  the  water  of  crystallisation  has  been 
driven  off,  a  transparent  fused  bead  is  obtained.  Some  care  is 
required  in  fusing  the  microcosmic  salt,  as  when  in  the  molten 
state  it  runs  easily  and  may  drop  from  the  loop.  The  chromic 
oxide  is  then  placed  upon  the  bead  and  the  whole  again  heated 
in  the  flame.  The  oxide  dissolves  in  the  molten  salt,  imparting 
to  it  a  blue  colour  which  is  very  plain  as  soon  as  the  bead  has 
cooled  off.  Both  chromic  oxide  and  its  compounds  in  general 
show  this  bead  colomtion.  Aluminium  and  ferric  oxides  are 
not  detrimental  to  this  reaction,  especially  if  it  be  made  in  the 
reduction  flame  (see  below,  Eemark). 

It  may  be  well  to  discuss  the  theory  of  this  reaction.  The 
acid  ammonium-sodium  phosphate  changes  on  being  heated  in 
the  gas-flame  to  sodium  metaphosphate : 

Na(NH^HP04  =  NaPOg  +  NHg  +  H2O. 

Borax,  N'a2B^0^,  does  not  change  its  composition  on  fusion. 
Both  salts  are  compounds  of  anhydrohydrates  of  phosphoric  or 
boric  acids.  Salts  of  such  acids  are  transformed  on  fusion  with 
a  base  into  salts  of  the  ortho-acids  (ortho-phosphoric,  ortho-boric) 
which  in  the  experiment  remain  fused : 

NaPOg  +  MnO  =  MiiNaP04. 

It  is  thus  explained  why  only  bases  dissolve  in  molten  borax 
or  microcosmic  salt,  in  which  the  acid  anhydrides,  such  as  silica, 
stannic  oxide,  etc.,  are  insoluble.  The  stability  of  boric 
anhydride  and  phosphoric  acid  at  a  high  heat  also  explains  why 
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the  experiment  succeeds  with  most  salts ;  the  acids  contained 
in  the  latter  being  displaced,  at  a  high  temperature,  by  the  less 
volatile  phosphoric  or  boric  acid. 

Remark. — ^When  a  metal  has  more  than  one  oxide,  variously  coloured 
beads  may  be  obtained,  according  to  the  conditions  under  which  the  fusion 
takes  place.  The  properties  of  the  flame  of  the  gas-burner  have  already 
been  partly  considered  (in  relation  to  the  variations  in  temperature,  §  9). 
We  will  now  notice  its  other  characteristics.  If  (by  turning  the  ring) 
the  opening  through  which  the  gas  is  supplied  with  air  bo  somewhat 
reduced,  a  small,  luminous  point  can  be  distinguished,  in  addition  to  the 
inner  cone  and  the  outer  cone  above  the  former.  The  dark  cone,  and 
especially  the  luminous  point,  contain  unbumed  hydrocarbons  of  the  gas, 
and  possess  at  the  same  time  a  temperature  sufficiently  high  for  the  reduc- 
tion reactions.  These  two  sections  of  the  flame  are  called  "  the  reducing 
flame,"  The  outer  cone  contains  the  products  of  oxidation  of  the  gas  and 
air  ;  in  this  part  of  the  flame,  "  the  oxidising  flame,**  the  oxidation  reactions 
are  made.  These  relations  will  be  more  fully  discussed  in  the  Supplement 
of  Section  III.  The  coloration  of  the  bead  has  been  sufficiently  explained 
above,  but  mention  should  be  made  in  addition  of  the  sections  of  the  cones 
in  which  these  experiments  are  to  be  made.  If  the  oxidation  flame  is  to 
be  used,  the  bead  is  introduced  into  the  outer  edge  of  the  outer  cone,  at  a 
point  opposite  the  tip  of  the  dark  inner  cone,  but  not  higher,  as  the  heat 
in  the  upper  portion  is  not  so  great.  In  reduction  experiments  the  bead  is 
brought  into  the  upper  part  of  the  dividing  line  between  the  inner  and 
outer  cones.  As  the  dimensions  of  the  gas-flame  are  not  great  the  experi- 
ments should  be  made  with  a  small  bead  and  thin  platinum  wire.  As 
has  been  mentioned  above,  the  colouring  of  the  bead  by  some  metals  varies 
according  to  the  section  of  the  flame  in  which  the  bead  is  held.  Manganese, 
for  example,  gives  an  amethyst -coloured  bead  in  the  oxidation  flame,  a 
colourless  one  in  the  reduction  flame. 

The  oxidation  of  chromic  oxide  to  chromic  add  is  an 
important  reaction,  serving  for  the  separation  of  chromium 
from  the  metals  of  Groups  II.  and  III.,  and  is  at  the  same  time 
characteristic.  As  chromium  hinders  the  detection  and  separa- 
tion of  aluminium  and  iron  salts,  it  is  itself  removed,  both  in 
qualitative  and  quantitative  analysis,  by  oxidation  to  chromic 
acid.  This  characteristic  of  undergoing  oxidation  distinguishes 
chromic  oxide  from  those  of  iron  and  aluminium. 

1.  Oxidation  by  meaiis  ofnitHc  add  and  potassium  chlorate. — 
Moist  chromic  hydroxide  is  dissolved  in  hot,  concentrated  nitric 
acid,  and  small  pieces  of  potassium  chlorate  then  added  to  the 
Bolution.  The  success  of  the  operation  depends  essentially  upon 
the  amount  of  water  present,  and  if  the  chromic  hydroxide  con- 
tained a  great  deal  the  oxidation  cannot  be  effected.     The  nitric 
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acid  solution,  to  which  the  crystals  of  potassium  chlorate  are 
added  one  by  one,  must  be  heated  under  the  hood.  If  the 
necessary  conditions  are  satisfied  the  solution  becomes  brown. 
To  ascertain  when  the  reaction  is  finished,  a  few  drops  of  the 
liquid  are  added  to  water  in  a  test-tube ;  a  pure  yellow  colour 
indicates  that  the  oxidation  is  completed,  the  solution  otherwise 
having  a  green  tinge.  The  reaction  has  not  been  sufficiently 
studied  to  enable  an  explanation  of  its  steps.  It  is  mostly 
employed  for  the  oxidation  of  chromic  oxide  in  separations. 
The  confirmatory  tests  are  given  below. 

2.  In  alkaline  solution  chromic  oxide  is  easily  oxidised  to 
chromic  acid  by  chlorine  or  bromine  water  (or  a  hypochlorite) : 

CrjOg  +  3KBrO  +  4K0H  =  SKoCrO^  +  3KBr  +  2H2O. 

If  it  be  necessary  to  remove  the  chromium  by  oxidation,  this 
can  be  conveniently  effected,  also,  with  bromine  in  a  neutral 
solution,  in  presence  of  sodium  acetate  (see  Course  of  Analysis). 
This  reaction,  however,  is  incapable  of  a  general  application,  as 
manganese  is  precipitated  by  halogens  as  its  dioxide.  Hydrogen 
peroxide  in  alkaline  solution  has  recently  been  employed  in 
oxidising  chromic  oxide ;  the  oxidation  is  readily  effected  by  its 
means,  but  the  objections  just  given  likewise  prevent  its  use  in 
separations.  The  following  reactions  are  less  important  in 
qualitative  analysis. 

3.  Chddation  with  sodium  carhoncUe  cmd  potassium  nitrate. — Six  parts  of 
a  mixture  of  these  salts  (1  part  KNO3  ^^^  ^  parts  Na^COg)  are  rubbed 
together  with  one  part  of  chromic  oxide  in  a  mortar,  and  ignited  in  a 
crucible  until  the  evolution  of  gas  ceases  and  the  mass  melta  On  treat- 
ment of  the  fused  residue  with  boiling  water  an  alkali  salt  of  chromic 
acid  is  obtained  in  solution  : 

CrjOg + 3KNO3 + KjCOa = KgCraOy  +  SKNOa + COa . 

The  sodium  carbonate  must  be  anhydrous,  and  the  chromic  oxide  well 
dried  at  lOO""  0.  The  appHcation  of  potassium  nitrate  is  subject  to  a 
certain  inconvenience,  viz.,  that  on  treating  the  fusion  with  water  and 
acids,  the  nitrous  acid  (formed  from  the  potassium  nitrate  which  results 
from  the  incomplete  decomposition  of  the  nitrate)  reduces  a  part  of  the 
chromic  acid  again  to  chromic  oxide,  and  the  yellow  solution  obtained 
changes  to  green.  The  oxidation  can  be  performed  with  sodium  carbonate 
and  potassium  chlorate  under  the  same  conditions  as  when  potassium 
nitrate  is  used ;  it  should  be  mentioned  that  potassium  chlorate  is  very 
quickly  decomposed  at  a  high  temperature,  and  an  explosion  may  thus 
easily  ensue.  The  mixture  must  contain  six  parts  of  sodium  carbonate 
and  one  part  of  potassium  chlorate. 
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4.  Hempel  has  recently  proposed  to  convert  chromic  oxide  to  chromic 
acid  by  fusing  it  in  a  silver  crucible  with  one  part  of  sodium  peroxide 
and  two  of  sodium  carbonate. 

§  33.  Reactions  of  Chromic  Acid  and  its  Salts. — Chrouiic 

acid,  CrHgO^,  is  not  known  in  the  free  state.  Its  anhydride, 
CrOg,  crystallises  in  red  needles.  The  chromates  of  Groups 
I.  and  II.  are,  with  tlie  exception  of  the  barium  salt,  8olul)le 
in  water.  Those  of  other  metals  are  insoluble  in  water,  but 
usually  dissolve  in  acids.  The  -insoluble  salts  are  rendered 
soluble  by  converting  them  to  alkali  chromates,  by  fusion 
with  sodium  carbonate  ;  some  of  them,  indeed,  are  transformed 
to  the  alkali  salts  merely  on  boiling  with  sodium  carbonate 
solution.  The  reactions  of  chromic  acid  consist  either  in  the 
production  of  characteristic  insoluble  salts,  or  in  oxidation  re- 
actions which  are  caused  by  the  chromic  acid,  the  latter  being 
at  the  same  time  reduced  to  chromic  oxide. 

Barium  chromatc. — Barium  salts  produce  in  the  solutions 
of  chromates  a  yellow  precipitate,  soluble  in  nitric  acid  and 
reprecipitated  from  this  solution  by  alkalies  (§  17). 

Zead  chromatc  is  a  yellow  precipitate,  insoluble  in  nitric 
acid,  but  soluble  in  caustic  alkalies.  It  is  reprecipitated  from 
this  solution  by  acids. 

Merc\crous  chromatc,  Cr(Hg2)0^,  is  a  l)rick-red,  and  silver 
chromatc  a  dark  red  precipitate.     Both  are  soluble  in  acids. 

Hydrogen  pcravUle  is  one  of  the  most  delicate  and  charac- 
teristic reagents  for  chromic  acid.  The  latter  is  oxidised  by 
the  hydrogen  peroxide,  apparently  being  transformed  to  the 
so-called  perchromic  acid,  HCrO^  (the  composition  of  which, 
owing  to  its  instability,  is  not  yet  accurately  determined) : 

2CrHo04  +  HoOo  =  2HCrO^  +  2H2O. 

The  compound  has  of  late  been  variously  regarded  as  CrOg . 
HjOj  (Moissan),  or  Cr^O^ .  2H2O2  (Berthelot),  and  therefore,  as 
a  union  of  hydrogen  peroxide  with  chromic  or  perchromic 
anhydride.  It  is  not  necessary  to  use  a  solution  of  j)ure  liydro- 
gen  peroxide,  that  prepared  by  the  action  of  very  dilute  hydro- 
chloric acid  upon  barium  dioxide  being  sufficient.  If  a  drop 
of  a  potassium  dicliromate  solution  be  transferred  on  a  glass 
rod  to  the  solution  of  hydrogen  peroxide  and  free  acid  thus 
obtained,  the  latter  receives  a  blue  tint  from  the  perchromic 
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acid  which  forms.  This  blue  colour  is  still  more  distinctly 
seen  if  ether  be  added  and  the  solution  shaken,  the  ether  dis- 
solving the  perchromic  acid,  and,  as  it  is  lighter  than  water, 
floating  above  the  latter  as  a  beautiful  blue  layer.  An  excess 
of  potassiimi  dichromate  hinders  the  reaction;  free  chromic 
acid  acts  upon  the  perchromic  acid  with  formation  of  chromic 
oxide  and  evolution  of  oxygen.  With  an  excess  of  potassium 
dichromate,  therefore,  the  colour  is  not  obtained : 

SCrHO^  +  SCrHgO^  +  ZKfl  =  4Cr(OH)3  +  O7 . 

liedtiction  of  the  chromic  add  to  chromic  oxide  (oxidation 
reactions  at  the  expense  of  the  oxygen  in  the  chromic  acid). 
The  reduction  of  chromic  acid  is  employed,  in  qualitative 
analysis,  chiefly  as  a  confirmatory  test.  In  the  above  re- 
actions chlorides  or  bromides  are  obtained  together  with  the 
chromic  acid,  and  may  hide  the  reactions  of  formation  of 
characteristic  chromates.  The  chromic  acid  must,  therefore, 
be  subjected  to  reduction  as  a  confirmatory  test.  The  re- 
duction is  usually  accomplished  with  alcohol  in  presence  of 
liydrochloric  acid,  the  alcohol  becoming  oxidised  to  aldehyde, 
CjH^O,  at  the  cost  of  the  oxygen  in  the  chromic  acid,  and  the 
latter  imdergoing  conversion  to  chromic  chloride  or  the  salt 
of  whatever  acid  was  employed : 

2Cr03  +  SCgHgO  +  6Ha  =  2CrCl3  +  ZC^Rfi  +  eRfi, 

Concentrated  hydrochloric  acid  and  alcohol  are  added  to  the 
concentrated  solution  of  chromic  acid  (dilute  solutions  must 
be  strongly  evaporated).  The  reduction  is  hastened  by  warm- 
ing the  solution,  and  is  easily  recognised  by  the  green  colour 
to  which  the  liquid  changes,  the  penetrating  odour  of  aldehyde 
being  noticed  at  the  same  time.  Upon  further  oxidation  the 
aldehyde  is  changed  to  acetic  acid,  and,  if  the  latter  is  formed 
in  sufl&cient  quantity,  a  violet  solution  of  chromic  acetate  is 
often  obtained. 

We  must  mention,  from  among  the  remaining  reactions,  the  following : 
Hydrogen  mlphide  easily  reduces  chromic  acid  in  acid  solutions,  with 

separation  of  sulphur :  the  chromic  hydroxide  formed,  being  soluble  in 

acids,  is  not  precipitated  : 

KaCraOy  +  SHjS  +  8HC1 = 2CrCl8  +  7HaO  +  3S  +  2KC1. 
In  the  general  course  of  analysis  the  separation  of  sulphur,  when  un- 
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accompanied  by  the  formation  of  any  other  precipitate,  is  an  indication 
of  chromic  acid  (or  ferric  iron).  Ammonium  sulphide  throws  down  from 
acid  solutions  a  mixture  of  chromic  hydroxide  and  the  brown  dioxide, 
CrOg. 

Sulphurous  add  likewise  reduces  chromic  acid,  being  at  the  same  time 
converted  to  sidphuric  acid.  Since  chromic  acid  readily  parts  with  its 
oxygen  it  acts  as  a  peroxide  ;  when  heated  with  hydrochloric  acid  it 
evolyes  chlorine  and  is  converted  to  chromic  chloride  : 

2CrH204 + 12HC1 = 2CrCl8 + Cl« + 8HaO. 

Chromic  acid  is  also  reduced  by  many  other  substances,  such  as  stan- 
nous chloride,  non-volatile  acids  (tartaric),  etc. 


Ferric  Iron 

§  34.  The  properties  of  metallic  iron  will  be  considered  in 
the  second  Division.  Here  we  shall  confine  ourselves  to  the 
compounds  of  ferric  oxide.  These  differ  from  those  of 
aluminium  and  chromium  in  their  reducibility,  i.e.,  in  the 
power  which  they  possess  of  changing  from  the  ferric  to  the 
ferrous  state. 

A,  Ferric  salts. — The  remarks  made  in  §  26  apply  to  these 
salts ;  it  may  again  be  noticed  that  the  salts  of  volatile  acids 
(organic  stJts,  the  nitrate,  etc.)  decompose  on  ignition,  with 
formation  of  ferric  oxide.  The  solutions  of  ferric  salts  are 
yellow  or  brown.  Those  of  neutral  salts  are  often  decomposed 
to  basic  compounds  by  the  action  of  water.  Ferric  chloride 
splits  up  very  readily  into  ferric  hydroxide  and  hydrochloric 
acid,  the  decomposition  being  most  rapid  in  concentrated 
solutions  (soluble  ferric  oxide  remains  in  solution).  Almost 
all  neutral  ferric  salts  become  basic  when  their  solutions  are 
boiled. 

Reactions  of  Ferric  Salts. — Ferric  hydroxide  is  a  brown 
precipitate  very  soluble  in  acids.  The  anliydrous  oxide  is 
much  less  soluble  in  acids  than  its  hydroxide. 

Alkalies  and  ammonia  throw  down  the  hydroxide,  which  is 
insoluble  in  an  excess  of  the  reagents  (§28  B).  Organic  acids 
prevent  the  precipitation  (§  27). 

Barium  carbonate  precipitates  from  cold  solutions  a 
mixture  of  the  hydroxide  and  basic  carbonates,  which  forms 
rapidly;  for  the  conditions  see  §  28  A. 

Ammonium  sulphide  produces  a  black  precipitate  of  ferrous 
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sulphide,  FeS,  a  derivative  of  ferrous  oxide  (§28  E).  Hydrogen 
sulphide  also  has  a  reducing  action  on  ferric  compounds,  the 
conversion  being  accompanied  by  separation  of  sulphur : 

2FeCl3  +  HgS  =  2FeCl2  +  2Ha  +  S. 

Acetate, — The  addition  of  sodium  acetate  to  the  solution 
of  a  ferric  salt  causes  a  red -brown  coloration,  due  to  the 
formation  of  the  neutral  acetate,  re(C2H30^)g.  The  basic 
acetate  obtained  on  boiling  the  solution  of  the  neutral  salt 
forms  a  red-brown  precipitate  insoluble  in  water,  but  easily 
soluble  in  hydrochloric  acid.  The  use  of  this  salt  in  analysis 
is  described  in  §  30.  The  above  reactions  are  important  for 
separations;  as  delicate  qualitative  tests  for  ferric  salts,  the 
following  are  preferable : — 

Ferric  sidphocyanate,  Fe(CN'S)3,  is  a  salt  soluble  in  water 
to  a  dark  red  colour,  and  formed  by  the  action  of  potassium 
sulphocyanate  on  ferric  solutions.  A  very  slight  amoimt  of 
this  compound  suffices  to  colour  a  large  quantity  of  water  red, 
and  the  reaction  is  therefore  unusually  delicate  (see  below). 
In  case  the  coloration  is  slight,  it  may  be  more  easily  seen  by 
placing  a  piece  of  white  filter  paper  under  the  test-tube  and 
looking  down  upon  the  liquid,  a  thicker  layer  thus  being  ex- 
amined. Ether  may  also  be  used  with  advantage :  it  extracts 
ferric  sulphocyanate  from  the  aqueous  solution,  and  as  it  floats 
above  the  latter  the  red  colour  imparted  to  it  is  easily  seen. 
A  large  excess  of  free  nitric  acid  decomposes  the  sulphocyanate 
and  therefore  hinders  the  reaction.  The  presence  of  undue 
quantities  of  foreign  salts  is  also  detrimental  to  its  delicacy. 
Ferrous  salts  show  no  such  reactions. 

The  action  of  potassium  sulphocyanate  upon  ferric  chloride  presents  a 
case  of  "  Chemical  equilibrium.'^  In  incomplete  reactions  such  as  this, 
which  is  bmlt  up  from  two  opposite  reactions  in  which  ferric  sulpho- 
cyanate is  formed  and  again  decomposed  by  potassium  chloride,  equilibrium 
sets  in  at  a  point  determined  by  the  conditions  present.      The  sign  of 

equilibrium  is  ^     ^ 

FeClj + 3KCNS:^I±re(CNS)3  +  3KC1. 

In  cases  of  chemical  equilibrium  in  general,  an  excess  of  one  of  the 
factors  has  the  effect  of  making  one  of  the  reactions  the  more  prominent 
In  this  case  the  colour  becomes  more  intense  if  an  excess  of  potassium 
sulphocyanate  be  used,  since  a  greater  quantity  of  ferric  sulphocyanate 
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will  thus  be  formed.  G.  Krtiss  and  H.  Moraht  assert  that  double  salts  of 
ferric  and  potassium  sulphocyanates,  e.g.,  Fe(CNS)3  +  9KCXS,  are  in 
this  way  formed. 

Fen'ic  ferrocyanid^  (Pmssian  Blue). — Ferric  ferrocyanide, 
Fe^(reCy^3  =  4FeCy3  •  ^-^^^72'  ^®  formed  as  a  dark  blue  pre- 
cipitate on  the  addition  of  potassium  ferrocyanide,  K^FeCy^,  to 
the  solution  of  a  ferric  salt.  The  reaction  is  delicate.  If  the 
iron  is  only  present  in  traces  a  green  solution  is  at  first 
obtained,  from  wliich  a  blue  precipitate  slowly  separates.  As 
ferric  ferrocyanide  is  slightly  soluble  in  potassium  ferrocyanide 
to  a  colourless  liquid,  the  reagent  must  be  added  to  the  ii'on 
solution  drop  by  drop.     The  reaction  involved  is  as  follows : 

3K^(FeCyg)  +  4FeCl3  =  Y^(FqQy^^  +  1 2KC1. 

The  salt  is  characterised  by  its  insolubility  in  hydrochloric 
acid,  and  its  solubility  in  caustic  alkalies  with  separation  of 
ferric  hydroxide.  The  latter  reaction  is  analogous  to  the  action 
of  the  alkali  hydroxides  upon  ferric  salts  in  general,  potassium 
ferrocyanide  being  again  formed : 

Fe^CCy^Fe)  +  12K0H  =  SK^CCy^Fe)  +  4Fe(OH)3. 

It  is  not  advisable,  in  testing  for  ferric  compounds,  to  allow  the  acid 
solutions  to  be  exposed  to  the  air  for  any  length  of  time  after  the  addition 
of  the  reagent,  since  ferric  ferrocyanide  may  be  formed  by  the  oxidation 
of  hydroferrocyanic  acid  alone,  although  no  iron  be  present  in  the  solution 
examined.  In  washing  a  precipitate  of  ferric  ferrocyanide  it  will  be 
observed  that  the  precipitate  commences  to  pass  into  solution  in  the 
colloidal  state  as  soon  as  all  foreign  salts  have  been  removed.  The  student 
is  also  reminded  that  none  of  the  above  reagents  can  serve  for  the  detection 
of  the  iron  in  ferro-  and  ferricyanic  compounds.  They  can  be  used  for 
this  purpose  only  after  the  decomposition  of  the  cyanogen  compounds  by 
snlphuric  acid  (v.  Sec.  II.  Hydrocyanic  Acid).  This  behaviour  of  the 
ferrocyanides  explains  why,  for  the  detection  of  iron,  we  can  use  com- 
pounds which  themselves  contain  iron,  but  it  also  requires  the  experiments 
to  be  made  in  special  portions  of  the  liquid  under  analysis. 

jPerWcyaTiwZcq/^jpo^am?/???,  K^FeCy^,  produces  no  precipitate 
with  ferric  salts,  but  the  solution  Ijecomes  dark  brown. 

Tannic  acid  (infusion  of  galls)  produces  in  neutral  solutions 
of  ferric  salts  a  blue-black  precipitate  (ink) ;  an  excess  of  the 
reagent  should  be  avoided. 

B.  Reduction  of  ferric  comiwunds  to  the  ferrous  state, — 
The  reactions  in  reduction  of  ferric  oxide  are  chiefly  important 
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in  quantitative  analysis.  The  ferric  compound  is  usually 
warmed  with  zinc  and  dilute  hydrochloric  acid,  and  thus 
reduced  by  the  hydrogen  evolved,  A  solution  of  sulphurous 
anhydride  in  water  answers  equally  well ;  in  this  reaction  the 
reduction  takes  place  at  the  expense  of  the  hydrogen  of  the 
water,  the  oxygen  of  which  unites  with  the  sulphurous  acid  to 
form  sulphuric  acid.     The  equations  for  the  two  reactions  are 

as  follows : 

Feag  +  H-FeClj  +  Ha. 
aFeClg  +  2H2O  +  SO2  =  2FeCl2  +  2HC1  +  HgSO^. 

The  redaction  can  also  be  accomplished  with  sodium  thiosidpliate,  in 
place  of  sulphurous  acid.  Thiosulpburic  acid,  as  is  well  known,  decom- 
poses into  sulphur  and  sulphurous  acid  (in  acid  solution ;  in  neutral 
solution  it  forms  tetrathionic  acid) : 

2FeCl8 + NajSaOj + HaO  =  2FeCl2 + 2NaCl  +  HaS04 + S. 

The  addition  of  sodium  thiosulphate  to  a  solution  of  a  ferric  salt  pro- 
duces a  deep  violet  colour,  and  on  being  wanned  the  liquid  appears 
opalescent,  through  the  separation  of  sulphur.  When  the  thiosulphate  is 
in  excess  sulphurous  acid  is  set  free  (in  quantitative  analysis  this  reaction 
is  used  for  separating  iron  and  aluminium).  The  reduction  of  ferric  salts 
can,  lastly,  be  effected  with  stannous  chloride,  according  to  the  reaction : 

2FeCl8 + SnCls = 2FeCl2 + SnCl4 . 


SYSTEMATIC  OOUBSE  OF  ANALYSIS  FOB  THE  METALS 

OF  GBOIJP  m,  DIVISION  1 

§  35.  If  the  student  be  guided  by  the  methods  of  com- 
bining the  reactions  explained  in  §§  14,  22,  and  24,  we  believe 
that  he  is  in  condition  to  work  out  a  systematic  course  of 
analysis  for  this  Division  himself,  and  a  detailed  discussion  of 
the  subject  will  therefore  be  unnecessary.  Though  following 
a  somewhat  different  plan  from  that  of  the  previous  groups, 
nevertheless,  the  requirements  to  be  fulfilled  in  choosing  the 
reactions,  as  well  as  their  application  in  the  succession  indicated 
in  the  proposed  course  of  analysis,  may  be  briefly  explained. 

A.  The  metals  of  Group  IIL,  Division  1. — The  detection  of 
the  metals  of  this  Division  requires  their  previous  separation ; 
the  analysis  is  based  upon  the  properties  of  their  hydroxides. 
The  solution  is  precipitated  by  ammonia,  an  excess  of  the 
reagent  being  avoided  (in  the  systematic  course  and  in  separa- 
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tions,  ammonium  sulphide  is  to  be  used,  see  below),  heated, 
filtered,  and  the  precipitate  well  washed.  As  the  course  of 
analysis  is  dependent  upon  the  presence  or  absence  of  chromium 
(§28  B),  the  behaviour  of  the  hydroxides  obtained  toward  the 
microcosmic  salt  or  borax  bead  is  tested  (§  32).  Should  an 
emerald-green  bead  be  obtained,  this  is  a  sign  of  the  presence  of 
chromium, whichmust  next  be  separated  byconversion  to  chromic 
acid.  The  still  moist  hydroxides  are  for  this  purpose  dissolved 
in  concentrated  nitric  acid  and  treated  with  potassium  chlorate 
according  to  §  32.  After  complete  oxidation  has  ensued,  the 
greater  portion  of  the  free  nitric  acid  is  removed  by  evapora- 
tion, and  the  solution  then  reprecipitated  by  ammonia.  The 
hydroxides  of  aluminium  and  iron  are  found  in  the  precipitate, 
and  must  be  separated  by  treatment  with  caustic  alkalies 
according  to  §  32,  confirmatory  tests  being  made  with  each 
oxide.  The  chromic  acid  remains  in  solution ;  the  best  con- 
firmatory test  is  its  reduction  to  chromic  oxide.  If  negative 
results  in  regard  to  chromium  were  obtained  on  fusion  with  the 
borax  bead,  the  separation  of  the  ferric  iron  and  aluminium  by 
caustic  alkalies  can  be  directly  undertaken. 

The  oxidation  of  the  chromium  and  separation  of  aluminiimi 
from  iron  by  the  following  method  is  also  convenient : — The 
add  solution  is  neutralised  by  sodium  carbonate,  bromine  and 
an  excess  of  sodium  acetate  added,  and  the  solution  heated,  its 
neutrality  being  at  the  same  time  maintained  by  the  further 
addition  of  soda.  When  the  oxidation  is  complete  the 
aluminium  and  iron  are  found  in  the  precipitate  as  their  basic 
acetates,  while  the  alkali  chromate  remains  in  solution  (§  32). 

A  more  roundabout  method  for  separating  chromium  consists  in  the 
fusion  of  the  precipitated  and  well-dried  oxides  with  sodium  carbonate  and 
potassium  nitrate  (§  32),  and  treatment  of  the  fused  mass  with  water. 
We  observe  that,  in  proportion  to  the  quantity  of  soda  taken,  either  part 
or  the  whole  of  the  aluminium  can  go  into  solution  as  an  aluminate,  together 
with  the  chromic  acid.  The  solution  is  acidified  with  nitric  acid  and  the 
aluminium  precipitated  with  ammonia  (the  precipitate  requires  confirma- 
tory tests),  the  chromic  acid  being  still  kept  in  solution  as  a  chromate. 
The  portion  of  the  fused  residue  insoluble  in  water  consists  of  anhydrous 
ferric  and  aluminium  oxides;  they  are  dissolved  in  hydrochloric  acid, 
etc.  (§  29),  and  subjected  to  the  treatment  above  given. 

B.  The  metals  of  Groups  /.,  77.,  and  Group  III.,  Division 
l.-^For  the  separation  of  Group  III.,  Division  1,  from  previous 
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Groups  we  employ  the  precipitation  with  ammonium  sulphide. 
The  conditions  are  explained  in  §  28  E  (the  completeness  of  the 
precipitation  must  be  assured).  The  precipitate,  consisting  of 
the  hydroxides  of  chromium  and  aluminium,  and  ferrous 
sulphide,  FeS,  must  be  well  washed  and  dissolved  in  dilute 
hydrochloric  acid.  The  iron,  which  goes  into  solution  as  a 
ferrous  salt,  is  transformed  to  a  ferric  salt  by  boiling  the  liquid 
with  nitric  acid,  which  should  be  added  drop  by  drop.  The 
oxidation  of  ferrous  compounds  will  be  more  closely  observed 
in  §  37  B.  The  detection  of  the  single  metals  of  Division  1 
is  accomplished  by  the  methods  described  above  (precipitation 
with  ammonia,  colour  of  borax  bead,  etc.)  The  metals  of 
Groups  I.  and  II.  are  found  in  the  solution  filtered  from  the 
hydroxides  of  the  metals  of  this  Division.  The  excess  of 
ammonium  sulphide  in  this  filtrate  is  removed  by  boiling  and 
adding  hydrochloric  acid ;  the  separated  sulphur  having  been 
filtered  off,  the  detection  of  the  metals  of  Groups  I.  and  II.  is 
accomplished  by  the  methods  given  in  §  24. 


GROUP  III,  DIVISION  2 

IRON  (FEBBOUS  COMPOUNDS),  MANGANESE,  ZING 

§  36.  The  metals  of  this  Division  are  marked  by  the 
following  characteristics : — 1.  Ammonium  sulphide  precipitates 
sulphides  of  the  formula  ES,  which  are  easily  soluble  in  acids. 
2.  The  monoxides,  EO,  are  not  thrown  down  in  the  cold  by 
barium  carbonate.  3.  They  form  no  basic  acetates  (distinction 
from  Division  1). 

The  metals  of  this  Division  are  easily  soluble  in  acids,  with 
generation  of  hydrogen  and  formation  of  salts.  The  majority 
of  their  salts,  e,g.,  the  nitrates,  sulphates,  and  chlorides,  are 
soluble  in  water,  and  most  of  the  insoluble  salts  dissolve  in 
acids.  Zinc  unites  with  oxygen  to  form  only  the  monoxide, 
and  is  thus  distinguished  from  iron  and  manganese,  which 
easily  form  higher  oxides  (basis  for  a  method  of  separation). 
As  ferrous  compounds  are  always  transformed  to  the  ferric 
state,  in  qualitative  as  well  as  quantitative  analysis,  the  separa- 
tion of  iron  is  based  upon  the  properties  of  the  metals  of  Group 
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III.,  Division  1,  and  we  shall  therefore  consider  only  the  re- 
actions of  manganese  and  zinc  in  the  General  Keactiona 


General   Eeactions 

A.  The  Sulphides  are  obtained  in  analysis  either  as  the 
so-called  hydrates  or  in  the  anhydrous  state. 

The  sulphides  are  salts  of  hydrogen  sulphide.  The  latter  can  form 
with  divalent  metals  (Me)  the  following  salts : — 

MeS  ;  the  neutral  salt,  sulphide. 

Me(SH)2  or  MeS .  HgS  ;  the  acid  salt  of  hydrogen  sulphide.  Such 
compounds  are  not  at  present  known. 

Me(OH)(SH)  or  MeS .  Kfi.  The  hydrated  sulphides  are  basic  salts  of 
hydrogen  sulphide.  By  the  abstraction  of  water  from  several  molecules  of 
such  compounds,  basic  salts  of  various  composition  can  be  formed  ;  for 
instance : 

3Zn(0H)(SH)  -  H2O  =  3ZnS .  iiHaO. 

As  is  true  of  all  basic  salts,  the  composition  of  the  basic  sulphide 
obtained  dej^ends  upon  the  conditions  under  which  the  experiment  is 
made  (§  26). 

The  hydrates  of  the  sulphides  are  formed,  almost  exclusively, 
by  precipitation  of  the  solutions  with  ammonium  sulphide  or 
hydrogen  sulphide.  As  was  stated  above,  they  are  insoluble  in 
water,  but  dissolve  easily  in  acids,  and  undergo  oxidation  with 
extreme  ease.  The  colour  of  these  sulphides  is  important  as 
a  characteristic  qualitative  indication  of  the  respective  metals. 
Hydrated  ferrous  sulphide  is  deposited  as  a  black  precipitate 
which  turns  brown  when  exposed  to  the  air,  owing  to  its 
oxidation  to  ferric  oxide  (accompanied  by  separation  of  sulphur). 
The  hydrate  of  manganese  sulphide  is  a  yellowish  white  or 
flesh-coloured  precipitate  which  quickly  changes  to  brown  in 
the  air,  being  oxidised  to  the  mangano-manganic  oxide,  Mn^O^ 
(with  separation  of  sulphur).  Hydrated  zinc  sulphide  is  a  white 
precipitate,  insoluble  in  caustic  alkalies,  and  much  more  stable 
in  the  air  than  the  foregoing  salts.  (It  changes  to  the  oxide 
with  generation  of  hydrogen  sulphide.)  The  reactions  involved 
in  the  formation  of  hydrated  sulphides,  t.c.,  the  action  of 
ammonium  sulphide  and  hydrogen  sulphide,  must  be  more 
closely  considered. 

Action  of  ammonium  sulphide. — This  reagent  precipitates 
the  hydrated  sulphides  from  neutral  and  acid  solutions ;  the  re- 
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action  is  important  as  a  means  of  separating  the  metals  of  tliis 
Group  from  those  of  Groups  I.  and  II.  Complete  separation 
is  obtained  by  neutralising  the  acid  solution  with  ammonia,  add- 
ing ammonium  chloride,^  and  precipitating  the  solution  with 
ammonium  sulphide. 

The  experiment  is  made  in  a  flask,  which,  after  the  addition 
of  ammonium  sulphide,  is  closed  by  a  cork  and  permitted  to 
stand  for  some  time  (the  longer  the  time  allowed,  the  more 
complete  the  reaction ;  precipitation  is  entirely  finished  only 
after  twenty-four  hours.)  The  precipitate  is  then  filtered  and 
well  washed.  Its  fui'ther  treatment,  when  the  whole  of  Group 
III.  is  to  be  separated  from  Groups  I.  and  II.,  will  be  more 
fully  discussed  below.  The  same  reaction  may  serve  as  a 
separation  of  zinc  from  manganese,  as  manganese  sulphide 
dissolves  in  acetic  acid,  in  which  zinc  sulphide  is  insoluble. 
In  employing  this  method,  the  precipitates  are  poured  into  a 
small  beaker  and  treated,  while  hot,  with  acetic  acid ;  manganese 
sulpliide  goes  into  solution,  while  zinc  sulphide  remains  un- 
affected. Confirmatory  tests  for  both  of  these  compounds  will 
be  described  below. 

Action  of  hydrogen  sulphide. — Hydrogen  sulphide  pre- 
cipitates from  the  neutral  solutions  of  mineral  acid  salts,  such 
as  the  chlorides  and  sidphates,  either  no  sulphide  at  all  or  but 
small  quantities;  the  mineral  acid  set  free  in  the  reaction 
hinders  further  precipitation  by  instantly  dissolving  the  sulphide 
formed.  The  neutral  acetates,  however,  show  a  somewhat 
different  behaviour  toward  sulphuretted  hydrogen.  Manganous 
acetate  is  not  precipitated,  and  ferrous  sidpliide  forms  only  in 
small  quantities ;  zinc  acetate,  on  the  contrary,  is  completely 
decomposed,  all  of  the  zinc  being  thrown  down  as  zinc  sulphide. 
In  presence  of  free  mineral  acids,  none  of  the  sulphides  are 
deposited ;  an  acetic  acid  solution  of  a  zinc  salt,  however,  is 
completely  precipitated,  while  that  of  a  manganese  or  iron  salt 
is  not  affected.  Manganese  can  therefore  be  separated  from 
zinc  by  this  method  also.  Hydrogen  sulphide  is  passed  through 
the  solution  \mder  investigation,  after  the   addition  of  some 

^  The  necessity  of  the  presence  of  ammonium  salts  for  the  complete  precipita- 
tion of  the  hydrated  sulphides  has  been  empirically  determined.  It  probably 
exerts  an  influence  uj)on  the  constitution  of  the  precipitate,  as  in  the  precijntation 
of  aluminium  hydroxide.  If  the  acid  solution  contains  hydrochloric  acid,  the 
addition  of  ammonium  chloride  is  superfluous. 
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free  acetic  acid  and  enough  sodium  acetate  to  completely  trans- 
form the  manganous  and  zinc  salts  present  into  acetates ;  acid 
solutions  should  be  previously  neutralised  by  sodium  carbonate 
until  a  permanent  turbidity  is  caused.  In  the  systematic 
course  of  analysis  of  the  metals  of  this  Group,  the  method  last 
described  must  be  employed  for  separating  manganese  from 
zinc,  since  when  cobalt  and  nickel  are  present,  it  is  the  only 
one  by  which  the  white  zinc  sulphide  characteristic  for  this 
metal  can  be  obtained. 

It  must  be  noticed  that,  in  spite  of  the  ordinary  precautions,  small 
quantities  of  cobaltous  sulphide  are  usually  obtained  together  with  the 
zinc  salt  in  the  precipitate.  An  accurate  separation  is  rendered  possible 
only  if  we  add  ammonia  to  the  solution,  dissolve  the  precipitate  in  mono- 
chloracetic  acid,  treat  with  hydrogen  sulphide  at  60°  C,  and  filter  otf  the 
zinc  sulphide  immediately. 

The  anhydrous  sulphides  differ  in  their  properties  from  the  hydrates, 
and  are  employed  only  in  quantitative  analysis.  They  are  formed  on 
ignition  of  the  sulphides,  oxides,  and  car})onates  of  the  metals  with  sulphur 
in  a  current  of  hydrogen.  They  are  stable,  and  do  not  undergo  oxidation 
in  the  air.  Ferrous  sulphide,  thus  obtained,  x>os8esses  a  metallic  lustre. 
Manganous  sulphide  is  green  or  almost  black,  according  to  the  temperature 
at  which  it  is  obtained.  (It  is  also  sometimes  formed  in  solutions,  if 
manganous  salts  be  precipitated  at  100**  C.  by  a  great  excess  of  anmionium 
sulphide,  in  presence  of  much  ammonia.)  Zinc  sulphide  is  a  white  or 
yellowish  white  powder.  To  the  anhydrous  sulphides  belong  the  mineral 
pyrites,  FeSg,  etc.  (see  Supplement). 

B.  Ammonium  Double  Salts. — (Action  of  ammonia  and 
of  ammonium  carlx)nate.)  The  metals  of  this  Division  are 
characterised  by  the  ease  with  which  they  form  double 
ammonium  Siilts,  such  as  FeSO. .  (NH.)^SO .,  etc.,  and,  in  the 
presence  of  ammonium  chloride,  or  of  ammonium  salts  in 
general,  therefore,  precipitation  by  means  of  caustic  alkalies, 
ammonia,  or  carl)onates,  is  incomplete.  Anmionia  produces  no 
precipitate  in  presence  of  ammonium  salts,  or  in  acid  solutions. 
The  fact  should  be  mentioned,  that  in  a  solution  containing  free 
ammonia,  the  double  salts  of  manganese  (and  to  a  lesser  extent 
those  of  iron),  are  oxidised  by  the  air  and  deposited  as  a  brown 
precipitate  of  mangano-manganic  oxide. 

C.  The  monoxides,  the  car})onates,  and,  to  a  less  degree,  the  sulphides 
can  be  completely  precipitated  only  when  non-volatile  organic  aci<ls  are 
absent  This  is  likewise  explained  by  the  formation  of  double  organic 
flalta  of  the  metals  of  this  Division  with  potassium,  sodium,  and  ammonium 
compounds  ;  e.g^  KoMn(C20^)2  etc.  (v.  §  27). 
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Special   Keactioxs 
ForrouB  Iron 

§  37.  Metallic  iron  possesses  a  shining  gray  colour,  and 
fuses  at  about  1500"  C.  (In  the  fused  state  it  is  white  and 
has  a  powerful  lustre.)  When  exposed  to  the  air  and  moisture 
it  becomes  oxidised,  or  rusts,  and  bums  in  the  air  on  being 
su}>jected  to  a  white  heat.  Iron  dissolves  easily  in  acids, 
passing  into  the  ferrous  state  if  the  dissoMng  acid  is  incapable 
of  oxidising  it.  (Ferric  compounds  can  be  obtained  by  solu- 
tion of  the  metal  in  nitric  and  similar  acids.)  The  ferrous 
salts  are  compounds  unstable  in  solution,  or  even  in  the  dry 
state  if  they  be  exposed  to  the  air,  as  they  readily  absorb 
oxygen  and  pass  into  ferric  salts.  The  majority  of  ferrous 
compounds  are  easily  soluble  in  water  or  acids.  Iron  precipi- 
tates several  other  metals  from  the  solutions  of  their  salts, 
being  converted  itself  to  the  corresponding  iron  salt : 

CuSO^  +  Fe  =  FeSO^  +  Cu. 

Sled  and  cast  iron. — Iron  can  be  prepared  from  its  compounds  in  a 
perfectly  pure  state  only  through  its  reduction  by  hydrogen.  The  purest 
iron  found  in  the  arts  (wrought  iron,  piano  wire)  contains  about  0*3  per  cent 
carlx)n.  Steel  is  still  richer  in  carbon  (from  0*9  to  1  '9  per  cent)  than  wrought 
iron,  its  liardness  resulting  from  this  fact  (iron  itself  is  soft).  Cast  iron  is 
still  richer  (it  may  contain  as  much  as  7*0  per  cent),  and  in  this  variety  the 
carbon  is  partly  bound  to  the  iron,  partly  in  the  state  of  graphite.  "When 
ci\»t  iron  is  dissolved  in  acids  the  graphite  remains  as  an  insoluble  black 
residue,  while  the  chemically-bound  carbon  forms  gaseous  hydrocarbons 
which  impart  to  the  hydrogen  generated  an  unpleasant  odour.  Upon 
solution  of  cast  iron  or  steel  in  metidlic  salts,  such  as  copper  sulphate, 
mercuric  chloride,  etc,  all  of  the  carbon  remains  behind  as  an  insoluble 
residue.  Such  a  residue  was  recently  shown  to  contain  titanium  car- 
bide, TiC. 

Iron  alloys, — Several  different  alloys  of  iron  have  of  late  been  employed 
in  the  arts.  FeiTo-manganese  is  a  general  term  for  such  compounds  as 
contain  more  than  26  i)er  cent  (up  to  80  per  cent)  of  manganese ;  those  which 
contain  a  smaller  percentage  of  this  meUd  are  known  as  specular  pig-iron. 
In  chrome-iron  we  find  chromium  in  varying,  and  often  in  significant 
nmounts.  Aluminium-inm  usually  contains  about  10  per  cent  aluminium. 
All  of  these  alloys  are  dissolved  by  acids  without  difficulty. 

Ill  its  separation  from  other  mettils  iron  is  always  converted, 
when  existing  in  the  solution  as  a  ferrous  compound,  into  the 
more  stable  ferric  salt.     After  having  observed  the  qualitative 
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reactions  for  ferrous  compounds,  therefore,  we  must  become 
acquainted  with  the  methods  for  bringing  them  into  the  ferric 
state. 

A.  Reactions  of  Ferrous  Salts. — Ferrmts  hydroxide  is 

thrown  down  by  alkalies  and  ammonia  as  a  white  precipitate, 
which  is  almost  instantly  turned  to  green,  and  finally  brown, 
as  a  result  of  its  oxidation.  It  is  insoluble  in  an  excess  of 
potassium  hydroxide,  and  on  boiling  is  converted  to  the  black 
magnetic  iron  oxide,  FCgO^.  When  ammonium  salts  (§  36  A) 
or  organic  acids  (§  36  C)  are  present  the  precipitation  is  in- 
complete (ammonia  has  no  apparent  action);  if  the  solution 
is  exposed  to  oxidation,  ferric  hydroxide  is  in  time  deposited. 

Ferrovs  sulphide. — The  black  hydrate  is  thrown  down  by 
ammonium  sulphide  from  either  ferrous  or  ferric  solutions.  In 
the  latter  case  the  ferric  compounds  are  first  reduced  (§  34). 
The  hydrate  of  ferrous  sulphide  dissolves  easily  in  acids  and 
absorbs  oxygen  from  the  air.  Very  dilute  iron  solutions  are 
at  first  only  coloured  green  by  ammonium  sulphide,  but  after 
some  time  deposit  a  black  precipitate.  Ammonium  chloride 
assists  complete  precipitation. 

Ferrmcs  ferrocyanide  and  ferrmis  fcrricyanide  afford  very 
characteristic  reactions  of  ferrous  compounds.  Potassium 
ferrocyanide,  K4(FeCyo),  produces  a  white  precipitate,  K.,Fej^ 
(FeCy^)2,  which,  like  all  ferrous  salts,  is  quickly  oxidised  by  the 
air,  turning  blue  and  changing  to  the  ferric  salt.  It  may  like- 
wise be  oxidised  by  chlorine  or  nitric  acid.  The  reactions 
involved  in  its  formation  and  oxidation  are  as  follows : 

SK^CFeCy^  +  SFeao  =  KaFcgCFeCy^j  +  6KC1, 
3K2Fe3(FeCyg)2  +  sa  =  2Y%^(^QQy^^  +  6KC1  +  FeClg. 

Potassiimi  ferricyanide,  l^j^QCy^,  producas  a  blue  precipitate 
(TurnbulFs  blue),  which  cannot  be  distinguished  by  its  colour 
from  Prussian  blue.  Its  composition,  Fe3(FeCyg)2,  is  also  very 
similar  to  that  of  the  latter  body.  If,  to  simplify  the  com- 
parison, these  compounds  be  regarded  as  double  salts,  the  formula 
of  the  precipitate  becomes  3FeCy2 .  2FeCyg,  and  that  of  Prussian 
blue,  SFeCyg .  4FeCy3.  The  one  salt  is  the  ferricyanide  of 
ferrous  oxide,  Fe3(FeCyg)2,  the  second  the  ferrocyanide  of  ferric 
oxide,  Fe4(FeCye)3.  TTie  two  salts  have  almost  the  same 
characteristics.     Tumbuirs  blue  is  likewise  insoluble  in  hydro- 
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chloric  acid.  The  reaction  must  be  made  under  observance  of 
all  the  precautions  given  in  §  34 ;  it  is  very  characteristic  of 
ferrous  compounds.^ 

B.  Conversion  of  Ferrous  Salts  to  the  Ferric  Stata — 

The  reactions  by  which  ferrous  compounds  become  oxidised  are 
very  important  in  analysis.  Ferrous  salts  imdergo  oxidation  so 
readily  that  they  cannot  be  used  in  separations,  and  they  must 
therefore  be  converted  to  ferric  compounds,  to  permit  the  use  of 
methods  based  upon  the  characteristics  of  the  latter.  The 
oxidation  can  be  accomplished  in  many  ways ;  in  qualitative 
analysis,  chlorine  or  nitric  acid  is  the  most  convenient  agent 
for  the  purposa 

1.  Oxidation  with  nitric  acid, — Concentrated  nitric  acid 
is  added,  drop  by  drop,  to  the  boiling  solution  of  the  ferrous 
salt  until  the  liquid  attains  a  yellowish  brown  colour  (colour 
.  of  ferric  solutions).  A  portion  of  the  nitric  acid  decomposes, 
with  evolution  of  nitric  oxida  The  oxidation  with  nitric  acid 
is  accomplished  more  successfully  and  quickly  if  another  free 
acid  (sulphuric  or  hydrochloric)  is  present,  as  the  molecule  of 
a  ferric  salt  contains  more  acid  than  that  of  a  ferrous  com- 
pound : 

3FeCl2  +  3HC1  +  HNO3  =  SFeClg  +  NO  +  2H2O. 

If  no  free  acid  is  present,  basic,  and  usually  insoluble,  ferric 
salts  will  be  to  some  extent  formed.  Thus,  for  example,  if 
ferrous  sulphate  be  oxidised  without  the  previous  addition  of 
sulphuric  or  hydrochloric  acid,  both  the  soluble  ferric  salt, 
Fe2(S0^)g,  and  the  insoluble  basic  salt,  2Fe203 .  SO3  = 

Fe<^      >Fe— 0 
I    ^0/  I 

0  SO2 

Fe<^      >Fe— 0 

will  be  obtained.  Weak  solutions  of  the  ferrous  salts  must  be 
concentrated  before  the  oxidation,  and  to  properly  effect  the 
conversion  nitric  acid  of  some  strength  is  wanted. 

^  It  may  be  mentioned  that  potassium  ferrocyanide  and  ferricyanide  produce 
precipitates  with  the  majoritv  of  metallic  salts,  and  that  for  this  reason  their 
reactions  cannot  be  employed  in  separations.  These  reagents  serve  only  for  the 
detection  of  iron. 
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2.  Oxidation  tenth  chlorine. — Instead  of  employing  the  free 
halogens  (chlorine  or  bromine  water),  the  solution  of  the 
ferrous  salt,  previously  concentrated  (if  necessary),  is  acidified 
with  strong  hydrochloric  acid,  heated,  and  two  or  three 
small  crystals  (not  more)  of  potassium  chlorate,  KCIO^,  then 
added.  Tlie  hydrochloric  acid  is  thus  decomposed  to  water  and 
free  chlorine,  and  the  latter  converts  the  ferrous  salts  to  the 
ferric  condition.  The  odour  of  chlorine  in  the  solution  indi- 
cates that  the  oxidation  is  completed : 

2FeCl2  +  Cl2  =  2FeCl3, 
3FeS0^  +  Clg  =  Fe2(S04)3  +  FeClg. 

The  oxidation  reaction  with  hydrochloric  acid  and  potassium 
chlorate  is  represented  by  the  following  equation : 

6Fea2  +  6HC1  +  KCIO3  =  eFeClg  +  SHgO  +  KCl. 

Ferrous  and  ferric  oocides,  when  present  together,  necessitate 
two  experiments  for  their  detection:  (1)  a  test  is  made  for 
ferrous  compounds  by  means  of  potassium  ferricyanide,  and 
(2)  for  ferric  compounds  with  potassium  ferrocyanide.  The 
formation  of  a  blue  precipitate  in  both  tests  indicates  the 
presence  of  both  ferrous  and  ferric  salts. 

Manganese 

§  3&  Manganese  forms  several  series  of  compounds,  the 
majority  of  wliich  are  of  analytical  value.  The  manganous 
compounds  are  chiefly  important  for  the  quantitative  estimation 
of  manganese.  The  higher  oxidation  products  afford  especially 
characteristic  qualitative  reactions  of  the  metal,  and,  as  com- 
pounds which  distinguish  it  from  many  others,  are  often  em- 
ployed in  quantitative  reactions  for  the  separation  of  manganese. 

We  shall  study  closely  the  reactions  of  manganous  com- 
pounds alone,  without  entering  more  deeply  into  the  considera- 
tion of  the  other  oxides.  Under  the  conditions  obtained  in 
complete  analyses,  the  higher  oxides  of  manganese  cannot  exist 
in  the  solution,  the  reactions  performed  in  the  systematic 
course  of  analysis  (e.r/,,  the  action  of  hydrochloric  acid  or  of 
hydrogen  sulphide),  converting  these  compounds  into  manganous 
products.     The  study  of  the  one  oxide  therefore  suffices. 
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The  manganous  salts  which  are  soluble  in  water  do  not 
oxidise  on  exposure  to  the  air.  The  higher  oxides  of  manganese 
are'  easily  prepared  from  manganous  compoimds,  and  their 
formation  is  very  characteristic  of  the  metal,  affording,  indeed, 
its  best  qualitative  reactions.  To  thoroughly  understand  these 
reactions,  therefore,  the  student  should  turn  his  attention  to 
the  behaviour  of  the  higher  manganese  oxides  toward  hydro- 
chloric and  nitric  acids. 

Hydrochloric  acid  decomposes  all  of  the  higher  oxides  of 
manganese  on  warming;  free  chlorine  is  generated  and 
manganous  chloride  formed : 

MnOg  +  4HC1  =  MnCl^  +  2H2O  +  2C1, 
MnHO^  +  7HC1  =  MnClg  +  5C1  +  4H2O. 

Manganese  sesquioxide,  Mn^Og,  is  not  decomposed  by  hydro- 
chloric acid  in  the  cold,  manganic  chloride,  MnCl^,  being  stable 
in  its  cold  solution. 

Nitric  add  which  contains  no  nitrous  acid  decomposes 
neither  manganese  dioxide  nor  permanganic  acid.  These  two 
compounds  are  formed,  as  we  shall  see  below,  from  the  man- 
ganous salts,  either  by  the  action  of  nitric  acid  or  in  its  presence. 
Manganic  sesquioxide  and  mangano-manganic  oxide  are  split  up 
by  nitric  acid  into  manganous  salts  and  the  dioxide : 

MngOy  +  2NHO3  =  Mn(N03)2  +  MnOg  +  HgO. 

As  manganese  dioxide  and  permanganic  acid  readily  part  with  oxygen 
when  acted  upon  by  acids,  they  are  powerful  oxidising  agents.  For 
oxidising  with  permanganic  acid  the  potassium  salt,  potassium  perman- 
ganate, is  usually  employed. 

Reactions  of  Manganous  Salts. — Manganom  hydroxide, 

Mn(0H)2,  thrown  down  by  alkalies  or  ammonia,  is  a  white 
precipitate,  which  quickly  turns  brown  in  the  air,  undergoing 
oxidation  to  mangano-manganic  oxide.  The  presence  of  am- 
monium chloride  hinders  the  reaction  (see  the  ammonium 
double  salts). 

MangarioiLS  carhonaie,  MnCO^,  is  a  white  precipitate. 

Manganese  aramonium  double  salts, — If  ammonium  salts, 
such  as  the  chloride,  be  present,  ammonia  produces  no  pre- 
cipitate with  manganous  salts  (the  precipitation  by  alkalies 
is  also  incomplete),  in  consequence  of  the  formation  of  the 
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soluble  double  salt,  MnClg .  2NH^C1.  Manganous  hydroxide 
(which  has  not  been  browned  by  the  air)  is  easily  soluble  in 
ammonium  chloride,  though  excess  of  ammonia  precipitates 
mangano-manganic  hydroxide  from  this  solution.  Ammonium 
carbonate  in  presence  of  ammonium  cldoride  precipitates  man- 
ganous carbonate. 

Manganous  sulphide. — Ammonium  sulphide  precipitates 
the  hydrated  manganous  sulphide,  yellow  or  flesh-coloured,  and 
turning  brown  in  the  air  through  oxidation.  It  is  characterised 
by  its  easy  solubility  in  acids  (the  separation  from  zinc  is  based 
upon  the  readiness  with  which  it  dissolves  in  acetic  acid, 
§  36  A).  In  presence  of  an  excess  of  ammonia  and  ammonium 
sulphide,  a  green  precipitate  of  the  anhydrous  manganous 
sulphide  is  sometimes  formed,  especially  from  hot  solutions. 
For  complete  precipitation  with  ammoniimi  sulphide  the 
presence  of  ammonium  chloride  is  necessary.  Hydrogen 
sulphide  does  not  precipitate  manganous  sulphide  from  acid 
solutions,  even  from  that  of  acetic  acid  (for  the  use  of  this 
characteristic  in  the  separation  of  manganese  from  zinc,  see 
§  36  A). 

In  the  systematic  course  of  analysis  manganese  is  separated 
as  manganous  sulphide.  The  confirmatory  tests,  however, 
should  not  be  made  directly  with  the  manganous  acetate 
obtained  by  dissolving  the  sulphide  in  acetic  acid.  It  is  better 
to  precipitate  this  solution  with  sodium  carbonate,  and  dissolve 
the  well-washed  manganous  carbonate  in  nitric  acid.  The 
solution  thus  prepared  is  subjected  to  the  following  tests,  which 
constitute  the  most  characteristic  reactions  shown  by  man- 
ganese. 

Manganic  oxide ,  Mn^O^. — Manganous  hydroxide,  precipitated 
from  manganous  salts  by  an  excess  of  potassium  hydroxide  and 
shaken  until  it  has  become  brown,  already  contains  mangano- 
manganic  oxide.  Addition  of  oxalic  acid  to  this  precipitate 
imparts  to  the  solution  a  rose-red  colour,  owing  to  the  formation 
of  the  double  oxalate  of  manganese  and  potassium  ^  (the  more 
brown  the  oxidised  solution  is,  the  more  successful  the  reaction). 
The  oxalic  acid  is  reduced  to  carbon  dioxide  and  water  on 

^  The  probable  composition  of  this  salt  is  analogous  to  that  of  the  compounds 
of  ferric  iron,  viz.,  MnKCCgOJa  or  MnK(C204)o.  2K0C0O4.  The  compound  is  too 
unstable  to  be  analysed. 
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heating,  and  the  colour  then  disappears.  When  oxalic  acid  is 
in  excess,  a  white  crystalline  precipitate  of  manganous  oxalate, 
MnC^O^,  is  formed. 

Manganic  acid,  MnH^O^. — If  any  compound  of  manganese 
be  fused  in  the  gas-flame  on  platinum  foil,  with  a  mixture  of 
from  2  to  3  parts  of  anhydrous  sodium  carbonate  and  a  small 
quantity  of  potassium  nitrate,  a  bluish  green  mass  is  obtained, 
which  consists  of  the  manganates  of  potassium  and  sodium. 
The  cake  turns  brown  on  exposure  to  the  air,  often  very 
quickly,  but  the  bluish  green  colour  again  appears  on  fusion. 
It  is  a  delicate  reaction  for  manganese : 

NagCOg  +  MnCOg  +  Og  =  MnNagO^  +  2CO2. 

Permanganic  add,  MnHO^. — The  solution  of  this  acid  has 
a  deep  carmine -red  colour,  and  its  formation  is  therefore  a 
delicate  reaction.  If  concentrated  nitric  acid  (sp.gr.  =  1*2) 
be  heated  to  boiling  with  lead  dioxide  or  minium,  Pb203  = 
PbO .  PbOg,  and  a  few  drops  of  a  dilute  manganous  solution 
be  then  added,  a  carmine-red  coloration  will  be  observed  : 

2MiiS0^  +  5Pb02  +  6HNO3  =  2HMnO^  +  2PbS0^  +  3Pb(N03)2  +  2H2O. 

The  colour  may  be  seen  as  soon  as  the  excess  of  lead  dioxide 
has  settled  ;  the  solution  must  not  be  filtered  through  paper,  as 
the  fibre  of  the  latter  would  reduce  the  permanganic  acid.  To 
make  the  experiment  successfully,  it  is  absolutely  necessary  to 
add  the  manganese  only  in  diltUe  solution,  and  but  a  few  drops 
even  of  this.  An  excess  of  manganous  salts  has  a  reducing 
action  and  causes  the  nitric  acid  solution  to  lose  its  colour : 

3MnO  +  Mn207  =  SMnOg. 

Manganous  compounds  impart  to  the  borax  or  microcosmic 
salt  bead  a  faint  violet  colour ;  in  the  reduction  flame  the  l^ead 
remains  colourless. 

Zinc 

§  39.  Zinc  fuses  at  412*'  C,  and  boils  at  940*^  C.  When 
heated  with  access  of  air,  it  first  fuses,  and  finally  bums  with  a 
blinding  flame,  giving  off  white  clouds  of  zinc  oxida  Ordinary 
metallic  zinc  dissolves  in  alkalies  and  acids  with  evolution  of 
hydrogen,  though  the  chemically  pure  metal  is  passive  toward 
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most  acids  (see  Aluminium,  §  31).  Its  solution  by  nitric  acid 
is  accompanied  by  evolution  of  the  fumes  of  nitrous  or  nitric 
oxide,  according  to  the  concentration  of  the  solution,  and  also 
by  the  formation  of  ammonium  nitrate.  The  majority  of  zinc 
salts  are  soluble  in  water,  and  those  insoluble  in  this  medium 
dissolve,  for  the  greater  part,  in  mineral  acids.  Metallic  zinc 
precipitates  many  metals  from  their  solutions.  (For  applica- 
tion of  this  reaction  in  analysis,  see  Copper,  Antimony,  etc.) 

Reactions  of  Zinc  Salts. — Ziric  sulphide  (§  36). — Hydro- 
gen sulphide  does  not  completely  precipitate  zinc  sulphide 
from  neutral  solutions.  In  the  presence  of  acids  it  produces 
no  precipitate  at  all,  except  in  that  of  acetic;  from  acetic 
acid  solutions  the  zinc  is  completely  deposited.  Ammonium 
sulphide  (in  presence  of  ammonium  chloride)  throws  down 
zinc  sulphide;  the  reaction  is  complete.  The  hydrated  sul- 
phide is  white,  and  this  colour,  as  well  as  the  insolubility  of 
the  salt  in  acetic  acid  and  alkalies,  is  strongly  characteristic. 
Zinc  sulphide  is  easily  soluble  in  mineral  acids.  (Separation 
of  zinc  from  manganese,  §  36  A.) 

Zinc  hydroxide  is  thrown  down  by  caustic  alkalies  as  a 
white,  gelatinous  precipitate,  soluble  in  excess  of  the  alkali, 
with  which  it  forms  the  compound  K^ZnO^.  If  the  alkaline 
solution  is  concentrated  it  suffers  no  change  on  heating,  but  in 
dilute  solutions  the  oxide  is  almost  completely  deposited  on 
boiling.  The  dissolving  action  of  caustic  potash  upon  zinc 
hydroxide  is  influenced  by  the  presence  of  other  oxides ;  in 
that  of  chromic  oxide,  for  example,  a  compound  of  zinc  oxide 
and  cliromic  oxide  results,  which  is  insoluble  in  the  alkali. 
An  alkaline  solution  of  zinc  hydroxide  is  at  first  precipitated 
by  ammonium  chloride,  but  dissolves  on  further  addition  of 
the  reagent,  ZnCl, .  2NH^C1  being  formed.  The  action  of 
ammonia  upon  zinc  salts  is  similar  to  that  of  the  caustic 
alkalies.  The  precipitate  formed  is  soluble  in  excess  of  the 
precipitant,  and  zinc  hydroxide  is  entirely  deposited  from  an 
amtnoniacal  solution  on  boiling  only  when  the  latter  is  very 
dilute.  Ammonium  salts  render  precipitation  by  caustic 
alkalies  incomplete,  as  soluble  ammonium  zinc  double  salts  are 
formed  (§  36).  Ammonia  produces  no  precipitate  in  presence 
of  ammonium  salts. 

Zinc  carhonate, — The  carbonates  of  sodium  and  ammonium 
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throw  down  a  white  precipitate  of  basic  zinc  carbonate, 
2ZnC03+3Zn(OH)2+ SHgO,  soluble  in  excess  of  ammonium 
carbonate.  A  large  excess  of  an  ammonium  salt  influences 
or  hinders  the  precipitation,  zinc  ammonium  double  salts  being 
formed. 

Zinc  cyanide. — Potassium  cyanide  produces  with  zinc  salts  a  white 
precipitate  of  zinc  cyanide,  ZnCyg,  which  dissolves  in  excess  of  the  re- 
agent to  form  the  double  salt,  2KCy .  ZnCyg.  Potassium  sulphide  throws 
zinc  sulphide  down  from  this  double  salt,  though  hydrogen  sulphide  and 
ammonium  sulphide  have  no  action. 

Zinc  oxide  assumes  a  green  colour  if  it  be  ignited  after 
having  been  moistened  with  cobaltous  nitrate.  This  experi- 
ment is  performed,  as  a  confirmatory  test,  in  the  following 
manner. — The  precipitate  of  zinc  sulphide  is  dissolved  in  the 
least  possible  quantity  of  nitric  acid,  and  a  few  drops  of 
cobaltous  nitrate  added  to  the  resulting  solution ;  a  piece  of 
filter  paper  is  then  moistened  with  the  solution,  dried  and 
ignited ;  if  zinc  be  present  a  green  colour  is  imparted  to  the 
ash. 


SYSTEMATIC  COXmSE  OF  ANALYSIS  FOB  THE  METALS 

OF  GROUP  m.,  DIVISION  2 

§  40.  A.  Metals  of  Oroup  HI.,  Division  2. — The  detec- 
tion of  manganese  and  zinc  requires  the  previous  separation  of 
ferrous  iron.  Ferrous  salts,  unlike  the  ferric  compounds,  possess 
no  properties  which  can  be  used  in  separating  them.  If  the 
addition  of  potassium  ferricyanide  to  a  separate  portion  of  the 
solution  to  be  tested  indicates  the  presence  of  ferrous  iron,  the 
remainder  of  the  solution  must  be  oxidised  according  to  §  37  A. 
The  separation  of  the  iron  is  then  included  in  that  of  Division 
1.,  and  will  be  noticed  below.  We  shall  here  consider  only 
the  separation  of  manganese  and  zinc.  The  simplest  and,  at 
the  same  time,  the  most  accurate  method  is  based  upon  the 
properties  of  their  sulphides  (§36  A).  The  solution  is  pre- 
cipitated by  ammonium  sulphide,  and  the  well-washed  precipi- 
tate treated  with  acetic  acid.  When  metals  of  Group  III., 
Division  3,  are  present,  the  solution  is  first  neutralised  by 
sodium  carbonate,  and,  after  the  addition  of  sufficient  sodium 
acetate    and    a  few   drops   of   acetic  acid,  the  zinc  sulphide 
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precipitated  alone  by  hydrogen  sulphide.  Confirmatory  tests 
must  be  made  with  the  isolated  metals,  and  for  this  purpose 
the  zinc  sulphide  is  dissolved  in  nitric  acid  (Reactions  with 
caustic  potash,  etc.)  The  manganese  is  precipitated  from  the 
acetic  acid  solution  by  sodium  carbonate  (Reactions  with 
sodium  carbonate,  lead  dioxide,  etc.) 

B.  Metals  of  Grmip  IIL,  Divisions  1  and  2. — A  test  for 
ferrous  compounds  is  first  made  with  potassium  ferricyanide, 
as  explained  above;  if  ferrous  salts  are  present,  these  must 
be  oxidised  to  the  ferric  state.  A  portion  of  the  solution  is 
precipitated  by  anmionia,  and  the  hydroxides  obtained"  tested 
for  chromium  with  the  borax  bead  or  microcosmic  salt  (§  32, 
Remark). 

Chromium  is  present, — If  this  be  the  case,  the  most  accu- 
rate method  is  to  treat  the  neutralised  solution  with  barium 
carbonate  and  proceed  under  the  conditions  given  in  §  28  A. 
The  precipitate,  containing  the  excess  of  barium  carbonate  and 
FcgOg,  AlgOg,  Cr^Og,  is  dissolved  in  hydrochloric  acid,  and  the 
bariimi  separated  by  precipitation  from  tlie  hot  solution  with 
sulphuric  acid.  The  solution  is  then  filtered  and  tested  for 
iron,  alimiinium,  and  chromium,  as  in  §  35.  Manganese  and 
zinc  are  not  precipitated  by  barium  carbonate ;  they  are  de- 
tected in  the  solution  according  to  A,  the  barium  chloride 
obtained  in  the  previous  operation  having  been  first  separated 
with  dilute  sulphuricf  acid.^ 

Chromium  is  absent. — If  the  borax  or  microcosmic  salt  bead 
gives  no  indication  of  chromium,  aluminium  and  iron  may  be 
separated  as  their  basic  acetates  (§  30).  For  this  purpose  the 
solution  is  neutralised  with  sodium  carbonate  and  precipitated, 
while  boiling,  with  sodium  acetate  (§  30).  The  basic  acetates 
obtained  are  dissolved  in  hydrochloric  acid  and  analysed  ac- 
cording to  §  35  A.  Manganese  and  zinc  are  detected  in  the 
solution  according  to  A. 

C.  Crroup  IIL,  Divisions  1  ami  2,  a7id  Groups  I,  and  II. — 
For  the  separation  of  the  two  Divisions  of  Group  III.  from 
Groups  I.  and  II.  ammonium  sulphide  is  employed.  The  pre- 
cipitation nmst  be  made  under  the  conditions  mentioned  in 

^  It  may  not  bo  siiperfiuous  to  remark  again  tliat  the  oxidation  of  chromium 
to  chromic  acid  with  bromine  in  presence  of  sodium  act^tato  cannot  be  employed 
here,  as  manganese  peroxide  would  be  precipitated  with  the  basic  acetates  of  iron 
and  aluminium. 
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§§  28  A,  36  A.  The  precipitate  is  washed  as  well  as  possible, 
dissolved  in  hydrochloric  acid,  and  analysed  according  to  A  and 
B  of  this  paragraph.  (Testing  for  iron,  oxidation,  action  of 
BaCOg,  etc.)  The  degree  of  oxidation  in  which  the  iron  is 
present  must  be  determined  in  separate  portions  of  the  solu- 
tion. The  metals  of  Groups  I.  and  II.  are  found  in  the  filtrate 
from  the  precipitate  obtained  with  ammonium  sulphide ;  the 
detection  of  these  metals  is  explained  in  §§  24  and  35  B. 


GEOUP  III.,  DIVISION  3 

NICKEL  AND  COBALT 

§  41.  In  addition  to  the  property  of  precipitation  by 
ammonium  sulphide,  which  is  common  to  all  the  members  of 
this  group,  the  third  Division  is  especially  characterised :  (1) 
by  the  insolubility  of  the  sulphides  in  cold  dilute  hydrochloric 
acid ;  (2)  negatively,  by  the  non-formation  of  insoluble  basic 
acetates,  and  by  non-precipitation  in  the  cold  with  barium 
carbonate. 

The  salts  of  nickel  and  cobaltous  cobalt  are,  in  general, 
easily  soluble  in  water.  Solutions  of  nickel  salts  are  green, 
those  of  cobaltous  salts  rose-red.  If  the  two  metals  are  present 
together  in  solution,  the  colour  depends  upon  the  amount  of 
excess  of  the  one  metal  over  the  other,  being  red  when  cobalt 
is  in  excess,  and  green  when  nickel  predominates.  The  solu- 
tion of  a  mixture  of  one  molecule  of  a  cobaltous  salt  with 
three  of  a  nickel  salt  is  colourless,  the  two  colours  being 
exactly  neutralised  to  white.  The  colour  of  the  solution  to 
be  analysed  is,  therefore,  of  little  importance,  and  can  afford 
no  conclusion  concerning  the  presence  of  either  element. 
Although  in  their  chemical  properties  nickel  and  cobalt  stand 
very  closely  to  each  other,  they  exhibit  certain  characteristic 
differences.  These  are  caused  chiefly  by  the  greater  tendency 
of  cobalt  to  form  a  higher  oxide  (cobaltic  compounds) :  all  re- 
actions for  separating  nickel  from  cobalt  rest  upon  this  dis- 
tinctive difference. 

The  remarkable  property  which  nickel  (reduced  by  hydrogen)  pos-  . 
sesses  of  combining  with  carbon  monoxide  at  the  ordinary  temperature,  to 
form  the  easily  volatile  compound,  Ni(C0)4,  distinguishes  nickel  from 
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cobalt  This  reaction,  although  already  tried  in  the  preparation  of  the 
pure  metal  for  the  purpose  of  determining  the  atomic  weight,  has  not  yet 
been  turned  to  accoimt  in  analytical  experiments. 


General  Eeactions 

§  42.  Sulphides. — The  sulphides  are  known  in  both  the 
hydrated  and  anhydrous  states.  The  hydrated  sulphides  of 
nickel  and  cobalt  are  obtained  as  black,  amorphous  precipi- 
tates, only  slightly  soluble  in  hydrochloric  or  acetic  acid  in  the 
cold.  They  dissolve  in  ag^ia  regia,  with  evolution  of  hydrogen 
sulphide  and  conversion  to  chlorides.  The  hydrated  sulphides 
oxidise  when  exposed  to  the  air  (like  the  metals  of  the 
previous  Division).  They  are  formed  by  precipitation  with 
hydrogen  sulphide  or  ammonium  sulphide. 

Action  of  ammonium  sulphide, — This  reaction  is  used  for 
separations,  as  in  the  foregoing  Divisions.  The  experiment  is 
made  as  explained  in  §  36.  The  presence  of  ammonium 
chloride  is  necessary  to  ensure  complete  precipitation,  but  if 
hydrochloric  acid  has  been  present  and  nearly  neutralised  by 
ammonia,  the  addition  of  ammonium  chloride  is  imnecessary. 
The  ammonium  sulphide,  furtlier,  must  contain  neither  free 
ammonia  nor  polysulphide ;  when  the  latter  is  present  a  portion 
of  the  nickel  remains  in  the  solution,  and  can  be  recognised 
by  the  brown  colour  wliich  it  imparts  to  the  latter  (see  §  46, 
where  the  removal  of  nickel  from  solution  in  this  case  is 
explained).  In  separating  nickel  and  cobalt  from  the  metals 
of  the  first  and  second  Divisions,  it  becomes  advantageous  to 
precipitate  with  ammonium  sulphide  from  the  hot  solution. 
The  well -washed  precipitate  of  the  sulphides  is  transferred 
from  the  filter  to  a  small  beaker,  and  treated  in  the  cold 
with  dilute  hydrochloric  acid  (1  vol.  fuming  acid  to  10  vols, 
water).  The  sulphides  of  nickel  and  cobalt  are  insoluble 
in  this  medium,  and  after  they  have  been  filtered  off,  the 
metals  of  Divisions  1  and  2  are  obtained  in  the  filtrate.  Tliis 
method  of  separation  is  not  absolutely  accurate,  as  traces  of 
cobalt  and  nickel  pass  into  solution,  and  zinc  sulphide  may 
also  remain  behind  with  the  nickel  and  cobalt  sulphides,  a  fact 
which  must  be  remembered.  In  the  further  processes  of 
analysis,  the  nickel  and  cobalt  sulphides  are  treated  with  a 
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mixture  of  two  parts  of  concentrated  hydrochloric  acid,  and 
one  part  of  concentrated  nitric  acid,  and  slightly  warmed  until 
they  go  into  solution.  This  is  effected  chiefly  by  the  chlorine 
liberated,  which  accounts  for  the  formation  of  chlorides  by  the 
action  of  aqiui  regia.  Sulphur  usually  separates  out  in  this 
operation,  and  sometimes,  especially  if  it  has  run  together,  is 
imparted  a  dark  colour  by  traces  of  the  metallic  sulphides. 
Sulphur  is  not  attacked  by  aqua  regia  when  in  this  state,  and 
to  distinguish  it  from  the  sulphides  themselves  it  must  be 
ignited  on  a  porcelain  crucible  cover,  the  sulphur  burning 
away  completely  to  sulphurous  anhydride,  while  the  metallic 
sulphides  are  transformed  to  oxides  which  are  stable  at  a  high 
heat.  By  the  above  operation  a  solution  of  the  chlorides  is 
obtained,  the  treatment  of  which  is  fully  given  below. 

Action  of  hydrogen  sulphide. — Hydrogen  sulphide  throws  down  from 
neutral  solutions  of  nickel  or  cobaltous  salts  either  no  sulphides  at 
all  (from  salts  of  strong  mineral  acids)  or  precipitates  them  only  incom- 
pletely ;  neutral  solutions  of  cobalt  and  nickel  acetates,  however,  are  fully 
precipitated  (when  deposited  from  a  boiling  solution  of  the  acetates,  the 
black,  amorphous  precipitates  of  the  hydrated  sulphides  are  often  accom- 
panied by  shining  yellow  flakes,  which  are  probably  anhydrous  compounds). 
The  precipitation  does  not  take  place  in  the  presence  of  free  mineral  or 
acetic  acids. 

§  43.  Oxides. — Nickel  and  cobalt  form  several  compounds 
with  oxygen;  attention  need  here  be  paid  only  to  those 
which  are  employed  in  analysis. 

A.  Nickelous  and  cobaltous  hydroxides, —  Nickelous  hy- 
droxide, Ni(0H)2,  forms  a  green  precipitate.  Cobaltous 
hydroxide,  Co(OH)2,  is  rose-red,  easily  oxidised  in  presence  of 
caustic  alkalies,  and  turns  brown  on  exposure  to  the  air,  with 
formation  of  cobaltic  hydroxide,  Co(OH)3.  For  the  conditions 
of  formation  of  cobaltous  hydroxide  through  the  action  of 
caustic  alkalies,  see  Special  Eeactions. 

B.  Nickelic  and  cobaltic  oxides,  Ni^Og  and  Co^Og. — Nickelic 
and  cobaltic  hydroxides,  Ni(0H)3  and  Co(OH)g,  are  formed 
from  the  soluble  salts  of  these  metals  by  the  action  of  chlorine, 
bromine,  or  hypochlorites,  in  presence  of  caustic  alkalies ;  they 
are  characteristic  black  precipitates : 

2Co(OH)2  +  2K0H  +  Br,  =  2Co(OH)3  +  2KBr. 
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The  reaction  may  be  more  correctly  expressed  by  the  following 
equation : 

2Co(OH)2  +  KBrO  +  IIoO  =  2Co(OH)3  +  KBr. 

Nickelic  oxide    forms    no   salts,  and  the  few  which   are 

known  of  cobaltic  oxide  cannot  be  prepared  by  the  action  of 

acids  upon  the  hydroxide.     Hydrochloric  acid  decomposes  the 

higher  oxides  of  both  cobalt  and  nickel,  with  evolution  of  free 

chlorine: 

Coj^Og  +  6HC1  =  2C0CI2  +  sup  +  2C1. 

We  shall  describe  in  the  following  paragraphs  the  formation 
of  the  cobaltic  salt,  potassium  cobalticyanide,  and  also  of  the 
double  compounds  of  potassium  nitrite  with  cobaltic  nitrite,  as 
these  salts  are  employed  in  separating  cobalt  from  nickel. 

§  44.  Double  Cyanides. — Potassium  cyanide  produces  in 
the  solutions  of  nickel  salts  a  green  precipitate  of  nickel 
cyanide,  NiCyg ;  in  cobalt  salts  a  yellowish  white  precipitate  of 
cobaltous  cyanide,  CoGyg.  The  salts  are  dissolved  by  an 
excess  of  the  precipitant,  double  salts  being  formed : 

K2NiCy^  =  2KCy.NiCy,,, 
1^4CoCyg  =  4KCy .  CoCy^. 

Both  double  salts  are  decomposed  by  hydrochloric  acid,  with  re- 
formation of  the  simple  cyanides.  The  distinction  between  these 
metals  rests  in  the  fact  that  the  double  cobalt  salt  can  be  con- 
verted, by  the  reactions  described  below,  to  the  cobaltic  salt, 
potassium  cobalticyanide,  3KCy .  CoCyg.  Nickel,  no  salts  of 
whose  sesquioxide  are  known,  forms  no  such  compounds.^ 

Formation  ami  properties  of  potassium  cobalticyanide. — 
Potassium  cobalticyanide,  K^CoCy^,  is  formed  by  the  oxidation 
of  the  original  double  salt,  K^CoCy^.  The  oxidation  can  be 
accomplished  by  various  means. 

1.  By  boiling  in  aqueous  solution, — When  an  aqueous 
solution  of  the  lower  double  compound  is  boiled  with  access  of 
air,  the  latter  furnishes  the  oxygen  necessary  for  oxidation ;  if 
the  solution  be  boiled  without  exposure  to  the  air,  the  water 

^  The  cobalt  salts  correspond  to  the  iron  salts  : 

K^CoCya  potassium  cobaltocyanide,  K^FeCy^  potassium  ferrocyanide, 
KtCoCyg  potassium  cobalticyanide,  K,FeCye  potassium  ferricyauide. 

H 
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itself  is  decomposed,  its  oxygen  being  used  in  the  oxidation 
and  free  hydrogen  generated  : 

2KfioCy^  +  0  =  SKgCoCyg  +  KgO, 
2K^CoCye  +  2H2O  =  2K3CoCyg  +  2K0H  +  Hg. 

Potassium  cobalticyanide  forms  no  precipitate  when  acted 
upon  by  dilute  hydrochloric  acid,  as  soluble  hydrocobalticyanic 
acid  is  set  free : 

KgCoCyg  +  3Ha  =  HgCoCje  +  3KCL 

The  nickel  double  salt,  on  the  contrary,  is  completely  decom- 
posed by  the  acid,  a  green  precipitate  of  nickel  cyanide  being 
deposited  and  hydrocyanic  acid  formed : 

K2NiCy4  +  2HC1  =  2HCy  +  2KC1  +  NiCyg. 

Green  precipitate. 

We  now  turn  to  the  practical  methods  for  detecting  nickel 
in  presence  of  cobalt,  in  which  the  foregoing  reactions  are 
employed.  The  solution  of  the  salts  of  the  two  metals,  which 
must  contain  only  a  little  free  acid,  is  precipitated  by  a  freshly 
prepared  solution  of  potassium  cyanide,^  and  the  precipitate 
dissolved  in  the  least  possible  excess  of  the  reagent.  The 
solution  is  then  boiled  in  a  flask  for  half  an  hour;  it  is 
advisable  to  add  three  or  four  drops  of  hydrochloric  acid  as 
soon  as  the  liquid  begins  to  boiL  When  the  boiling  is  finished, 
the  solution  is  allowed  to  cool,  and  dilute  hydrochloric  acid 
added;  the  formation  of  a  green  precipitate  indicates  the 
presence  of  nickel.  This  method  of  separating  nickel  from 
cobalt  has  the  objection,  that  no  external  indication  concerning 
the  completeness  of  the  oxidation  is  furnished.  For  this 
reason  the  following  method  of  separation  is  to  be  recommended. 
It  should  be  remarked  that  all  these  operations  with  potassium 
cyanide  must  be  performed  under  a  hood  with  a  good  draught. 

The  action  of  acids  upon  the  cyanogen  compounds  is  not  suitable  for 
separating  nickel  and  cobalt,  as  the  composition  of  the  precipitate  depends 
upon  the  relative  amounts  of  the  metals  present     If  the  salts  exist  in 

^  Potassium  cyanide  is  decomposed  by  water  (slowly  at  the  ordinary  tempera- 
ture, quickly  on  boiling)  into  potassium  formate  and  ammonia : 

KCN  +  2H2O  =  KCHOa  +  NH3 . 
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molecular  proportions,  the  nickel  and  cobalt  are  both  found  in  the  pre- 
cipitate as  nickel  cobalticyanide : 

8KaNiCy4 + 2K,CoCy«  + 1 2HC1 = Ni8(CoCye)j + 1 2KC1  + 1 2HCy. 

When  they  are  in  other  proportions,  a  part  of  the  cobalt  may  remain 
in  solution,  or  nickel  separate  out  as  NiCy2.  Nickel,  however,  is  in  all 
cases  found  in  the  precipitate. 

2.  Oxidation  with  hroinine,  —  Potassium  cobalticyanide 
also  results  from  the  action  of  bromine  (bromine-water  or, 
preferably,  a  10  per  cent  solution  of  bromine  in  potassium 
bromide)  upon  the  previously-mentioned  salt,  K^CoCy^ : 

2K4CoCyg  +  Brg  =  2K3CoCyg  +  2KBr. 

If  the  nickel  salt,  KgNiCy^,  be  present  during  the  treat- 
ment with  bromine,  it  is  easily  decomposed  on  addition  of 
caustic  potash,  and  the  black  nickelic  sesquioxide  separates 
out: 

2K2NiCy4  +  3KBrO+12Br  =  7KBr  +  8CyBr*    +    NigOg. 

Black  precipitate. 

All  the  cobalt  remains  in  solution,  while  nickel  is  com- 
pletely precipitated  as  its  sesquioxide.  In  employing  this 
reaction,  the  solution  of  the  metals  (if  obtained  by  decomposing 
the  sulphides  with  aqua  regia,  after  the  latter  has  been  driven 
off  by  evaporation)  is  precipitated  by  a  freshly-prepared  solu- 
tion of  potassium  cyanide,  and  the  precipitate  dissolved  in  the 
least  possible  excess  of  the  reagent.  The  solution  is  then 
made  alkaline  by  an  excess  of  sodium  hydroxide,  and  bromine- 
water  added  until  the  colour  of  the  bromine  ceases  to  dis- 
appear. The  black  precipitate  of  nickelic  oxide  separates  out  on 
gently  warming  the  solution,  or  sometimes  even  without  the 
application  of  more  heat  than  is  evolved  by  the  action  of 
bromine  upon  the  alkali.  To  ensure  the  reaction,  it  is  ab- 
solutely necessary  to  use  as  little  potassium  cyanide  as  possible, 
and  a  large  excess  of  sodium  hydroxide  and  bromine-water. 
The  precipitated  nickelic  hydroxide  is  washed,  and  then  dis- 
solved in  hydrochloric  acid  for  subjection  to  confirmatory  tests  ; 
for  the  latter,  the  experiments  given  under  the  Special  Eeactions 
of  nickel  are  employed. 

•  Cyanogen  bromide  is  a  very  volatile  compound  with  extremely  disagreeable 
odour  ;  it  is  poisonous. 
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Although  the  properties  of  the  cyanides  permit  the  detec- 
tion of  nickel  in  presence  of  cobalt,  through  the  action  of 
bromine  and  a  caustic  alkali  upon  the  double  cyanides,  these 
compounds  are  not  adapted  to  the  recognition  of  cobalt.  The 
latter  is  obtained  as  potassium  cobalticyanide,  in  which  the 
cobalt  can  be  found  only  after  the  decomposition  of  the 
cyanogen  compoimd  (see  ferro-  and  fenicyanides,  §  34). 

§  46.  The  Doable  Nitrites  of  Cobalt  and  Nickel  with 
Potassium. — Potassium  nitrite  forms  in  neutral  cobalt  and 
nickel  solutions  the  double  salts,  Co(N02)2. 2KN0.,  ^^^ 
Ni(N'02)2 .  4KX0.,  respectively  ;  both  being  salts  of  the  mon- 
oxides. That  of  nickel  is  easily  soluble.  Nickel  solutions 
show  the  same  behaviour  when  acid ;  but  if  a  cobalt  salt  in 
acid  solution,  especially  one  in  acetic  acid,  be  treated  with 
potassium  nitrite,  the  cobalt ic  salt,  Co(X02)3 .  SKNO^,  is  thrown 
down  as  a  sparingly  soluble  crystalline  precipitate.  The  re- 
action follows  the  equation: 

CoCl,  +  6KX0.,  +  CH^Oo  +  HNOo  = 

Co(NOj,)3  ."SKNOo  +  2KCI  +  C0H3KO2  +  HgO  +  NO. 

The  conversion  of  a  cobaltous  compound  to  the  corre- 
sponding cobaltic  form  is  analogous  to  the  oxidation  of  potas- 
sium cobaltocyanide ;  this  is  illustrated  by  the  following 
equation : 

Co(XO.,)., .  2KX0.,  +  2KX0.,  +  C^Ufi^  +  HNO^  = 

"  Co(NOo)3 .  3KNO0  +  aHgKOg  +  2H2O  +  2N0. 

The  reaction  is  made  in  analysis  as  follows: — The 
neutral  solution  of  a  cobaltous  salt  is  strongly  acidified  by 
acetic  acid,  and  the  cobalt  then  precipitated  by  an  excess  of 
potassium  nitrite.  To  render  the  precipitation  complete,  the 
liquid  should  be  allowed  to  stand  for  some  time  (preferably  in 
a  warm  place) ;  its  thoroughness  is  ascertained  by  retesting 
the  solution  with  potassium  nitrite,  and  observing  whether, 
after  some  time,  a  precipitate  again  forms. 

Although  this  reaction  is  employed  in  quantitative  analysis 
as  the  best  means  of  separating  nickel  from  cobalt,  the  diffi- 
culty of  determining  the  thoroughness  of  the  precipitation  may 
lead  to  inaccuracy  in  the  detection  of  nickel,  and  it  is  there- 
fore advisable  to  employ  it  only  as  a  test  for  cobalt  (§  48). 
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Ammonium  sulphide,  and,  under  certain  conditions,  hydrogen 
sulphide,  precipitate  the  black,  hydrated  nickel  sulphide,  which 
is  only  slightly  soluble  in  cold,  dilute  hydrochloric  acid,  but 
soluble  in  hot  aqv/i  regia.  It  dissolves  to  a  brown  solution  in 
ammonium  sulphide  containing  free  ammonia  (this  reaction  is 
a  qualitative  characteristic  of  nickel),  but  is  reprecipitated  on 
warming  with  an  excess  of  acetic  acid. 

Nickdoits  hydroo.idc,  Ni(0H)2,  and  nickel  carbonate  are  green 
precipitates,  the  first  being  thrown  down  from  the  solutions  of 
nickel  salts  by  caustic  alkalies,  the  latter  by  sodium  or  potassium 
carbonate. 

Nickdic  hydroocidcy  jN'i(OH)g,  is  formed  by  the  action  of 
chlorine  or  bromine  (not  of  iodme)  upon  nickelous  hydroxide, 
in  presence  of  sodium  hydroxide,  as  a  black  precipitate,  which 
dissolves  in  hydrochloric  acid  with  evolution  of  chlorine. 

Nickel  cyanide, — ^Potassium  cyanide  precipitates  green  nickel 
cyanide,  easily  soluble  in  an  excess  of  the  reagent  to  the  double 
salt,  K2N'iCy4.  TMs  double  salt  is  not  changed  when  boiled  with 
access  of  air,  t.c.,  it  does  not  oxidise.  Bromine- water  in  presence 
of  potassium  hydroxide  precipitates  from  its  solution  the  black 
nickelic  hydroxide,  Ni(OH)g;  dilute  acids,  on  the  contrarj^ 
throw  down  nickel  cyanide.     Use  in  analysis  §  44. 

Aminonia  dcnjthle  compounds  (§  45). — Neither  ammonia  nor 
ammonium  carbonate  precipitate  nickel  salts  from  acid  solutions. 
In  neutral  solutions  a  precipitate  is  at  first  formed,  but  this 
dissolves  in  excess  of  the  one  or  the  other  reagent  to  a  sky-blue 
colour,  and  is  not  oxidised  by  sodium  hypochlorite.  Caustic 
potash  precipitates  nickelous  hydroxide  completely  from 
ammoniacal  solutions. 

The  above  reactions  are  not  sufficiently  delicate  for  the 
detection  of  mere  traces  of  nickel.  For  this  purpose  potassium 
thiocarbonate,  KgCSg,  is  much  more  efficient.  It  produces 
in  the  solutions  of  nickel  salts  a  dark  red  colour ;  the  presence 
of  other  metals,  including  cobalt,  is  detrimental  to  the  reaction. 

When  fused,  in  the  dry  state,  with  the  borax  bead  or  microcosmic  salt 
in  the  oxidising  flame,  nickel  compounds  yield  a  brown-red  glass  which 
becomes  yellow  on  cooUng.  Ignition  of  the  microcosmic  bead  in  the 
reducing  flame  does  not  affect  the  colour ;  the  borax  bead,  owing  to  the 
reduction  of  the  nickel,  becomes  gray  and  opaque.  The  presence  of  even 
traces  of  cobalt  completely  conceals  the  reaction. 
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Cobalt 

§  47.  Metallic  cobalt  is  similar  in  all  respects  to  nickel. 
Upon  solution  in  acids  (nitric  is  the  best  solvent),  hydrogen  is 
evolved  and  cobaltous  salts  formed.  In  solution  the  latter 
exhibit  very  characteristic  colour  transformations.  The  solu- 
tions of  cobalt  salts  are  red,  but  on  evaporation  a  change  often 
occurs,  as,  for  instance,  in  cobaltous  chloride  and  cobaltous 
nitrate,  the  red  colour  changing  to  blue.  A  blue  solution  is 
also  obtained  when  the  oxide  or  carbonate  is  dissolved  in 
concentrated  nitric  acid.  This  change  in  the  colour  of  cobalt 
solutions  depends,  in  all  probability,  upon  the  presence  of  a 
salt  containing  a  greater  or  smaller  quantity  of  water  of 
crystallisation.  Cobaltous  chloride,  for  example,  probably  exists 
in  the  red  solutions  as  the  salt,  CoClg  +  OH^O ;  but  the  com- 
position of  the  dissolved  salt  is  altered  by  evaporation,  and  the 
blue  solution  contains  a  salt  which  apparently  possesses 
less  water  of  crystallisation,  CoCl2  +  2H,0.  Cobalt  salts  in 
the  dry  state  show  exactly  the  same  differences.  The  salts 
with  water  of  crystallisation,  eg,,  crystallised  cobaltous  chloride, 
cobaltous  nitrate,  are  rose-red,  but  a  change  in  colour  is  observed 
as  soon  as  the  water  is  driven  off,  anhydrous  cobaltous  chloride 
and  nitrate  being  blue.  One  of  the  few  exceptions  in  this 
regard  is  found  in  cobaltous  sulphate,  which  is  red  in  both  the 
crystalline  and  anhydrous  states. 

BeSiCtions  of  Cobaltous  Salts. — Cobaltom  sulphide  (§  42). 
— The  black  hydrate  is  completely  precipitated  by  ammonium 
sulphide  (and  in  some  cases  by  sulphuretted  hydrogen)  in 
presence  of  ammonium  chloride.  It  is  only  slightly  soluble  in 
dilute  hydrochloric  acid,  but  dissolves  completely  in  aqua 
regia, 

Cobaltous  hydroxide  and  cobaltous  carbonate. — Caustic 
alkalies  at  first  produce  a  blue  precipitate,  consisting  of  a 
basic  salt  of  the  acid,  the  salt  of  which  is  employed  in  the 
experiment.  This  precipitate  changes,  when  boiled  with  an 
excess  of  potassium  hydroxide,  to  cobaltous  hydroxide,  Co(OH)2, 
which  is  rose -red.  The  precipitate  has  almost  invariably 
a  brownish  tinge,  due  to  oxidation  (formation  of  cobaltic 
hydroxide).  In  presence  of  alcohol  in  alkaline  solution, 
complete  oxidation  takes  place,  and  the  brown  cobalto-cobaltic 
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hydroxide  is  formed.  Sodium  or  potassium  carbonate  produces 
a  violet  precipitate  of  basic  cobaltous  carbonate. 

^Cobaltic  hydroxide^  Co(OH)g,  is  obtained  as  a  black  precipi- 
tate by  the  action  of  chlorine,  bromine,  or  iodine  (distinction 
from  nickel)  in  presence  of  caustic  soda.  For  its  properties 
see  §  43. 

Ammonia  compounds  (§  45). — No  precipitate  is  caused  in 
acid  solutions  by  ammonia  or  ammonium  carbonate.  Neutral 
solutions  are  precipitated,  but  the  precipitates  redissolve  in  an 
excess  of  the  reagent;  the  ammoniacal  solutions  become  oxidised 
by  the  air,  turning  brown.  Potassium  hydroxide  throws  down 
from  ammoniacal  solutions  only  a  portion  of  the  cobalt,  as  a 
blue  basic  salt ;  if  the  solution  be  completely  oxidised,  no  pre- 
cipitation ensues. 

Dotoble  cyanides,  K^CoCy^,  and  KgCoCy^  (§  44). — Potassium 
cyanide  produces  in  cobaltous  solutions  a  yellow  precipitate  of 
cobaltous  cyanide,  which  dissolves  readily  in  an  excess  of  the 
reagent  to  the  double  salt,  K^CoCy^.  Dilute  mineral  acids 
reprecipitate  cobaltous  cyanide  from  this  solution.  When  acidi- 
fied with  acetic  acid  the  solution  of  a  double  cyanide  has  im- 
parted to  it  a  blood-red,  or  if  it  be  dilute,  a  rose-red  colour  by 
potassium  nitrate  (formation  of  cobalt  potassium  nitro- 
cyanide).  The  passage  into  potassium  cobalticyanide,  KgCoCy^, 
and  the  use  of  the  latter  salt  in  analysis  are  explained  in  §  44. 

Potassium  cobaltic  nitrite, — Potassium  nitrite  with  acetic 
acid  produces  in  the  neutral  solution  of  a  cobaltous  salt 
(the  mixture  must  have  a  strong  acid  reaction)  a  yellow 
crystalline  precipitate  of  00(1^02)3 .  SKNOg  +  Aq.  For  its 
employment  in  analysis,  see  §  45. 

The  formula  of  potassium  cobaltic  nitrate  given  by  Erdmann  has  recently 
been  confirmed  by  Satler.  In  quantitative  operations  another  method  for 
obtaining  the  salt  is  employed,  and  it  then  apparently  has  a  different 
composition.  The  solution  of  the  cobaltous  salt  is  made  idkaline  by  a  small 
excess  of  potassium  hydroxide,  and  the  precipitate  dissolved  in  acetic  acid. 
A  solution  of  potassium  nitrite,  which  has  been  previously  acidified  with 
acetic  acid,  is  then  added.  A  brownish  precipitate  is  obtained  which, 
especially  on  gentle  warming,  soon  becomes  yellow  and  crystalline.  Its 
composition  is  Co(OH)(N02)2  +  4KNO2  (Strohmayer). 

Fused  on  a  platinum  wire  in  the  borax  bead  or  with 
microcosmic  salt  (§  32),  cobalt  compounds  yield  a  dark  blue 
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glass ;  this  colour  is  not  altered  by  the  reducing  flame.  The 
smallest  quantity  of  a  cobalt  compound  is  sufficient  to  produce 
the  coloration,  and  the  reaction  is  not  influenced  by  the 
presence  of  nickel. 

STSTEllATIC  C0X7BSE  OF  ANALYSIS  FOB  THE  METALS 

OP  OEOXJP  m.,  DIVISION  3 

§  48  A.  Nickel  and  Cobalt. — In  the  systematic  course 
(see  under  B,  below)  nickel  and  cobalt  are  left  as  their  hydrated 
sulphides,  after  treatment  of  the  ammonium  sulphide  precipitates 
with  cold,  dilute  hydrochloric  acid.  A  portion  of  the  washed 
and  still  wet  precipitate  is  tested  with  borax  or  microcosmic 
salt ;  if  the  bead  becomes  blue,  cobalt  is  present.  For  the 
detection  of  nickel,  the  sulphides  are  dissolved  in  aqvxi  rcgia 
(§  42)  and  the  excess  of  acid  driven  off  by  evaporation.  The 
resulting  solution  must  be  divided  into  two  portions,  since  if 
the  method  of  the  double  cyanides  is  to  be  employed,  it  is  more 
convenient  to  test  for  nickel  than  for  cobalt,  and  in  using 
the  potassium  double  nitrites,  cobalt  is,  on  the  contrary,  more 
easily  detected  than  nickel.  One  portion  is  precipitated  with 
potassium  cyanide,  and  the  precipitate  dissolved  in  the  least 
possible  excess  of  the  reagent  (§  44).  If  nickel  be  present  the 
addition  of  bromine -water  (in  presence  of  caustic  potash) 
produces  a  black  precipitate.  Confirmatory  tests  must  be 
made  with  the  nickelic  oxide  thus  obtained.  The  other  portion 
of  the  solution  is  saturated  with  sodium  carbonate  and  precipi- 
tated, under  the  necessary  conditions  (§  45),  with  potassium 
nitrite  in  presence  of  acetic  acid.  A  yellow  crystalline 
precipitate  indicates  the  presence  of  cobalt. 

B.  Metals  of  Grmips  III.,  II.,  and  I. — The  solution  is 
neutralised  by  ammonia  (if  acid),  ammonium  chloride  is  added, 
and  the  mixture  treated  at  60°-70°  C.  with  ammonium  sulphide 
(Conditions,  §§36  and  42)  until  further  addition  of  the  reagent 
ceases  to  produce  a  precipitate.  All  the  metals  of  Group  III. 
are  found  in  the  precipitate,  partly  as  sulphides,  partly  as 
hydroxides,  and  those  of  Groups  II.  and  I.  remain  in  sohition. 
The  precipitate  is  washed,  removed  to  a  small  beaker  with 
the  help  of  the  wash-bottle,  and  treated  in  the  cold  with  a  dilute 
solution  (1  vol.  HCl  to   10  vols.  H.,0)  of  hydrochloric  acid 
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(§  42).  NiS  and  CoS  remain  undissolved,  and  are  subjected  to 
the  tests  mentioned  in  the  first  part  of  this  paragraph.  The 
solution  filtered  oflf  from  these  sulphides  is  investigated  according 
to  §  40,  A  and  B  (oxidation  with  nitric  acid  or  potassium 
chlorate,  precipitation  with  barium  carbonate,  etc.) 

The  course  of  analysis  as  here  given  is  applicable  in  all 
cases.  The  student  can  and  should  seek  out  for  himself  the 
other  possible  methods  of  separation.  In  all  of  them  the  most 
important  point  is  the  preliminary  isolation  of  the  three 
Divisions  of  Group  III.  The  metals  of  Groups  II.  and  I.,  which 
remain  in  the  filtrate  from  the  ammonium  sulphide  precipitates, 
are  found  according  to  §§  35  A  and  24. 


Supplement  to  Group  III 


§  49,  Analysis  of  native  compounds  of  the  metals  of  Grottp  TIL — 
Aluminium  forms  one  of  the  chief  conBtituents  of  many  important  silicates 
(feldspar,  mica,  clay).  Cyanite,  topaz,  chiastolite,  etc.,  are  all  silicates 
of  this  metal.  Cryolite  has  the  formula  AlNaFl^.  The  analysis  of 
these  minerals  will  be  spoken  of  under  the  corresponding  metalloids,  and 
only  that  of  the  simpler  aluminium  compounds  considered  in  this  paragraph. 
Alumina  is  found  in  nature  in  both  the  hydrated  (gypsite,  diaspore, 
bauxite)  and  anhydrous  state  (corundum,  ruby,  sapphire) ;  these  compounds 
are  analysed  according  to  the  directions  given  in  §  29.  The  modifications 
of  alumina  occurring  in  nature  can  be  brought  into  solution  by  acid 
potassium  sulphate  ;  but  the  anhydrous  oxide  is  preferably  dissolved  by 
fusion  with  caustic  potash.  Chromium  is  found  principally  as  chrome- 
iron  ore,  FeCrgO^.  The  mineral  is  first  fused  with  borax  or  acid 
potassium  sulphate  and  then  oxidised  to  chromic  acid. 

Iron,  manganese,  and  zinc  are  found  in  nature  as  sulphides,  oxides,  or 
carbonates.  The  analysis  of  sulphides,  such  as  iron  sulphide  or  pyrites, 
FeSg,  blende,  ZnS,  must  be  described  later  (Section  II. ;  Sulphur). 
The  carbonates,  chalybite,  FeCOg,  diallogite,  MnCOg,  calamine  or  smith- 
sonite,  ZnCOg  +  ZnSiOg,  and  also  all  oxides  ;  haematite,  FegOg,  limonite 
(hydrated  FcgOg),  magnetic  iron  ore,  FcgO^,  bromite  and  manganite,  MugOg 
(hydrated  and  anhydrous),  are  soluble  in  acids,  and  may,  therefore,  be 
analysed  according  to  the  above  system.  The  anhydrous  compounds 
(haematite,  magnetic  ore,  bromite)  are  only  slowly  and  with  difBiculty 
attacked  by  hot  acida  Manganese  dioxide  dissolves  in  hydrochloric  acid. 
These  compounds  are  too  complicated  in  their  other  constituents  to 
permit  an  explanation  of  their  complete  analysis  here  ;  a  few  instances 
are  given  among  the  examples  (Section  III.),  together  with  the  alloys  iu 
which  these  metals  are  found. 
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The  most  extenfiive  ores  of  cobalt  and  nickel  are  their  compounds  with 
sulphur  and  arsenic :  smaltine  (CoAs),  copper  nickel  (NiAsg),  cobaltine 
(CoAs,  C0S2X  gersdorffite  (NiAs,  NiSg).  The  cobaltine  compound,  smalt 
(NiCoAs),  similar  in  composition  to  these  ores,  is  a  blue  product  formed 
in  the  working  of  cobalt  ores.  CJobalt  and  nickel  are  always  found 
together,  and  all  of  the  above  minerals  contain  both  metals,  the  name  of 
the  ore  depending  upon  the  predominance  of  the  one  over  the  other. 
The  same  minerals  contain  also  the  metals,  Fe,  Sb,  Cu,  Bi,  etc  The 
analysis  of  all  these  compounds  is  based  upon  the  conversion  of  the  sulphur 
and  arsenic  to  sulphuric  and  arsenic  acids,  by  fusion  with  sodium 
carbonate  and  potassium  nitrate,  or  treatment  with  chlorine  (Group  V., 
Arsenic  ;  Sec  XL,  Sulphur).  If  the  first  method  be  employed,  the  oxides 
are  obtained,  and  can  be  dissolved  in  the  proper  acids.  The  second 
method  yields  the  nickel  and  cobalt  as  their  chlorides  (which  are  also 
obtained  on  decomposing  the  minerals  with  aqua  regia). 

The  metals  of  Group  IV.  having  been  removed  by  hydrogen  sulphide, 
tlie  separations  of  Group  III.  are  effected  by  the  methods  previously  given. 
The  less  important  ores,  erythrine  and  nickel  ochre  (arsenates),  and  black 
cobalt  (cobalt  and  manganic  oxides),  are  soluble  in  acids. 


Phosphates  and  the  salts  of  other  acids  which  may  be  found 
in  the  ammonium  sidphide  precipitates  with  the  metals  of  Gi-mip 
III. 

§  50.  Together  with  the  metals  of  Group  III.,  the  ammonium  sulphide 
precipitates  obtained  (from  acid  solutions)  may  also  contain  such  phos- 
phates, borates,  silicates,  and  fluorides  as  are  insoluble  in  water,  but 
soluble  in  acids.  These  compounds  are  precipitated  with  the  metals  of 
Group  III.,  because  ammonium  sulphide  neutralises  the  acids  by  which  the 
salts  were  held  in  solution.  The  presence  of  salts  of  these  acids  with 
Group  III.  is  indicated :  (1)  by  the  necessity  of  an  acid  solution  ;  and 
especially  (2)  by  the  presence  of  metals  of  Group  II.  (barium,  etc.)  in  the 
precipitate  with  those  of  Group  III.  The  metcJs  of  Group  II.  can  exist 
in  the  precipitate  only  as  salts  of  the  acids  under  consideration.  If 
ammonia,  instead  of  ammonium  sulphide,  be  cautiously  added  to  the 
acid  solution  of  Group  III.  until  the  liquid  has  a  very  slightly  alkaline 
reaction,  the  formation  of  a  precipitate  under  these  conditions  (neutralisa- 
tion of  the  solution)  indicates  the  presence  of  these  acids.  This  method, 
however,  is  not  always  accurate  (§  51),  and  their  detection  can  be  guaran- 
teed only  by  thorough  familiarity  with  their  compounds.  As  phosphoric 
acid  is  a  very  impoitant  body,  and  its  salts  show  reactioiis  closely  re- 
sembling those  of  the  metals  in  Division  1,  we  shall  describe  its  qualitative 
reactions  in  full.  The  quantitative  reactions  (together  with  those  of 
meta-  and  pyrophosphoric  acids)  are  considered  in  Section  II.  The 
detection  of  the  other  acids  in  ammonium  sulphide  precipitates  will  be 
briefly  explained :  a  complete  description  of  their  properties  occurs  in 
Section  II. 
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PHOSPHOBIO  ACID 

Phosphoric  acid,  PHgO^,  forms  transparent  crystals,  which 
deliquesce  very  quickly  when,  exposed  to  the  air.  On  being 
heated  (in  a  platinum  crucible)  it  completely  volatilises,  though 
only  at  a  very  high  temperature.  Phosphoric  acid  is  tribasic. 
Its  salts  are  stable  at  a  high  heat,  and,  with  the  exception  of 
the  alkali  salts,  are  insoluble  in  water.  The  alkali  salts  usually 
employed  in  analysis  contain  two  atoms  of  the  metal,  e.g., 
Na^HPO^.  The  saturated  salts,  such  as  NagPO^,  are  formed 
with  difficulty,  have  an  alkaline  reaction,  and  are  easily  decom- 
posed (for  example,  by  carbonic  acid  or  water),  being  converted 
to  salts  which  contain  two  metallic  atoms.  The  phosphates 
which  are  insoluble  in  water  but  soluble  in  acids  are  of  the 
most  importance. 

Phosphoric  acid,  its  acid  salts,  and  the  neutral  ammonium  metallic 
salts  lose  on  ignition  water,  or  water  and  ammonia,  phosphoric  acid 
being  first  converted  to  pyrophosphoric  (at  417*)  and  finally  to  meta- 
phosphoric  acid : 

H3P04-HaO  =  HP05. 

The  phosphates  give  on  ignition  either  pyro-  or  metaphosphates,  accord- 
ing to  their  composition  : 

2Na2HP04  -  HaO  =  Na4P207 , 
2Mg(NH4)P04  -  H2O  -  2NH, = Mg^P A , 
Na(NH4)HP04  -  H2O  -  NHsZTNaPO,. 

The  resulting  metaphosphoric  and  pyrophosphoric  acids  and  their  salts 
possess  properties  which  differ  from  those  of  the  ortho>acid,  and  this  fact 
must  be  borne  in  mind  in  the  analysis,  in  case  the  phosphoric  acid  or  its 
salts  have  been  ignited.  In  qualitative  analysis,  and  especially  in  the 
quantitative  determination  of  phosphoric  acid,  the  meta-  and  pyrophos- 
phates formed  must  be  reconverted  to  orthophosphates,  i.«.,  be  connected 
with  another  molecule  of  water  or  of  a  base  : 

Na4P207  +  Na^COa = 2Na3P04  +  COj . 

This  is  accomplished  by  the  action  of  alkalies  or  acids.  The  reaction  sets 
in  most  easily  if  the  metaphosphate  or  pyrophosphate  be  fused  with 
sodium  carbonate.  In  this  case  the  salt  of  the  non-alkali  metal  will  be 
decomposed,  sodium  phosphate  and  the  oxide  or  carbonate  of  the  other 
metal  being  formed.  On  treatment  with  water,  the  sodium  salt  of  normal 
phosphoric  acid  goes  into  solution. 

Since,  with  the  exception  of  the  alkali  salts,  phosphates  are 
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soluble  only  in  acids,  their  analysis  must  be  made  under  con- 
ditions with  which  we  are  unfamiliar,  i.e.,  in  acid  solution. 
Before  considering  the  reactions,  let  us  study  more  closely  the 
solubility  of  phosphates  in  acids,  and  the  conditions  under 
which  they  are  deposited  from  acid  solutions. 

The  solubility  of  phosphates  in  acids, — Phosphates  show  in 
regard  to  their  solubility  in  acids  some  important  and  charac- 
teristic variations.  (1)  The  salts  of  the  metals  of  Group  II. 
(barium,  strontium,  calcium,  and  magnesium)  are  soluble  in 
acetic  (the  barium  salt  sparingly  so)  and  mineral  acids.  (2) 
The  salts  of  the  metals  of  Group  III.,  especially  those  of 
aluminium  and  ferric  iron,  and  also  of  certain  metals  of  Group 
IV.,  are  insoluble  in  acetic  acid,  but  soluble  in  mineral  acids,  e.g., 
in  nitric  and  hydrochloric  acids.  (3)  Some  salts,  finally  (those 
of  tin,  mercury,  bismuth,  molybdenum),  are  insoluble  in  nitric 
acid  The  reactions  used  in  separating  phosphoric  acid  from 
any  metal  rest  upon  these  important  characteristics.  If  the 
acid  of  any  phosphate  in  acid  solution  is  to  be  separated  from 
the  metal  to  which  it  is  bound,  the  acid  serving  as  a  solvent 
is  changed,  and  another  phosphate,  insoluble  in  the  substituted 
acid,  prepared.  The  metal  previously  present  as  a  phosphate 
goes  into  solution.  Let  it  be  assumed,  for  the  purpose  of 
illustration,  that  we  have  magnesium  phosphate  in  a  hydro- 
chloric acid  solution.  To  separate  the  magnesium  from  the 
phosphoric  acid,  the  solution  is  first  treated  with  sodium 
acetate,  which  forms  with  the  hydrochloric  acid  sodium  chloride, 
and  sets  acetic  acid  free.  But  though  the  solvent  has  now 
been  changed^  the  solubility  of  the  phosphate  has  not  been 
disturbed,  and  no  separation  has  resulted.  Let  ferric  chloride 
next  be  added ;  ferric  phosphate,  which  is  insoluble  in  acetic 
acid,  is  precipitated,  and  magnesium  remains  in  solution.  The 
separation  is  thus  made.  To  separate  the  metal  from  the  phos- 
phoric acid  in  salts  which  are  soluble  in  hydrochloric  acid,  the 
same  method  is  pursued  ;  the  hydrochloric  acid  solution  is 
replaced  by  one  of  nitric,  and  the  phosphoric  acid  precipitated 
as  the  salt  of  a  metal  which  is  insoluble  in  the  latter.  Phos- 
phates which  are  soluble  in  nitric  acid,  finally,  are  decomposed 
by  the  action  of  bases. 

Precipitation  of  phosphates  hy  neutralisation  of  the  acid- 
solution, — Phosphates  are  precipitated  from  acid  solutions  upon 
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neutralisation  of  the  eu^id  (the  presence  of  ammonium  salts 
hinders  the  separation  of  certain  compounds).  The  precipita- 
tion is  usually  effected  with  ammonium  sulphide,  ammonia, 
the  alkalies,  or  carbonates  (also  those  which  are  insoluble,  such 
as  barium  carbonate).  In  certain  cases  the  precipitation  of 
phosphates  by  neutralisation  of  the  acid  is  attended  by  their 
decomposition. 

Ammonium  mlphide  can  not  only  precipitate  the  phosphates, 
but  in  certain  cases  (on  warming,  in  great  excess,  when  the 
action  is  prolonged,  etc.)  may  also  decompose  them,  with  for- 
mation of  metallic  sulphides  and  ammonium  phosphate.  As  the 
analysis  of  metals  of  Group  III.  in  presence  of  phosphates 
begins  with  precipitation  by  ammonium  sulphide,  it  becomes  of 
the  utmost  importance  to  produce  this  precipitation  in  such  a 
way  that  none  of  the  phosphates  will  be  decomposed.  On  the 
other  hand,  certain  reactions  are  sometimes  employed,  in  which 
the  phosphate,  e.g.,  ferric  phosphate,  mvM  be  destroyed  by  the 
ammonium  sulphide ;  this  is  accomplished  on  warming  with  a 
great  excess  of  the  latter.  The  student  must  be  able  to  dis- 
tinguish the  various  cases  in  which  ammonium  sulphide  is 
employed,  so  that  he  can  use  the  reagent  with  judgment. 

The  caustic  alkalies,  ammonia,  and  the  alkali  carbonates, — 
At  the  ordinary  temperature  these  reagents  precipitate  phos- 
phates without  change,  but  decomposition  may  take  place  in 
hot  solutions.  Ferric  phosphate,  for  instance,  is  decomposed  on 
boiling  with  potassium  hydroxide.  The  salts  of  calcium,  stron- 
tium, and  magnesium  (though  not  of  barium)  are  more  stable 
in  their  behaviour  toward  alkalies,  even  on  fusion ;  those  of 
the  heavy  metals  are  mostly  decomposed  by  this  reaction.  As 
fusion  with  sodium  carbonate  obtains  the  phosphoric  acid  in 
the  form  of  the  sodium  salt,  which  is  soluble,  this  is  the  most 
convenient  method  of  bringing  the  acid  of  insoluble  phosphates 
into  solution. 

Barium  carbonate  decomposes  the  salts  of  calcium  and 
magnesium  in  acid  solutions,  barium  phosphate  being  pre- 
cipitated : 

Mg3(PO^)2  +  6Ha  +  SBaCOg  =  B&^iVO^)^  +  SMgCLj  +  3CO2  +  SHgO. 

Reactions  of  Phosphates. — ^We  now  take  up  the  study  of 
the  reactions.     They  consist  in  the  precipitation  of  insoluble 
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phosphates,  the  latter  being  grouped,  according  to  their  solu- 
bilities, into  several  classes.  The  reactions  of  free  phosphoric 
acid  are  employed  almost  exclusively  to  distinguish  it  from 
meta-  and  pyrophosphoric  acid,  and  are  explained  in  the 
paragraphs  on  these  acids  (Section  IL,  Phosphorus). 

A  Salts  soluble  in  acetic  add  (and  in  mineral  acids). — 
They  are  decomposed  by  precipitation  from  acid  solution  by 
barium  carbonate,  barium  phosphate  being  formed.  The  phos- 
phoric eucid  is  separated  from  the  metal  by  the  formation  of  the 
salt  of  one  of  the  other  groups. 

Calcium  phosphatey  Cag(P0^2. — Calcium  chloride  throws 
down  from  solutions  of  phosphates  (but  not  of  the  free  acid) 
a  white  precipitate,  CaHPO^  or  Ca3(PO^)2,  which  is  soluble  in 
acetic  and  mineral  acids  and,  when  freshly  precipitated,  in 
ammonium  chloride ;  from  the  acetic  acid  solution  of  calcium 
phosphate  calcium  oxalate  (insoluble  in  acetic  acid)  is  pre- 
cipitated by  ammonium  oxalate. 

Ammonium  magnesium  pJwsphate. — Magnesium  sulphate 
slowly  precipitates  from  a  neutral  solution  and  at  the  ordinary 
temperature  the  salt  MgHPO^;  from  a  boiling  solution  it 
throws  down  Mgg(P0^)2  immediately.  Both  salts  are  but 
slightly  characteristic  amorphous  precipitates.  The  ammonium 
magnesium  salt,  Mg(NH^)PO^,  is  one  of  the  most  important 
salts  of  phosphoric  acid  (in  both  qualitative  and  quantitative 
analyses).  This  salt  is  formed  as  a  white  crystalline  precipitate 
by  the  action  of  magnesium  sulphate  upon  the  solution  of  a 
phosphate  in  presence  of  ammonium  chloride  and  ammonia. 
The  properties  of  this  salt  and  the  conditions  of  its  formation 
have  already  been  described  (§  23).  Its  behaviour  toward 
acids  is  analogous  to  that  of  calcium  phosphate. 

B.  Salts  which  are  insoluble  in  acetic,  hut  soluble  in  mineral 
acids, — On  the  neutralisation  of  the  acid  solution  of  these  salts 
with  barium  carbonate,  ammonium  sulphide,  or  ammonia,  they 
are  precipitated  unaltered,  but  suffer  decomposition  when  boiled 
with  ammonium  sulphide  or  caustic  potash  (the  aluminium  salt 
in  presence  of  barium  carbonate).  The  phosphoric  acid  is 
separated  from  its  metal  by  the  preparation  of  a  phosphate  of 
the  next  group. 

The  aluminium  scUt,  AlPO^. — Aluminium  salts  produce  in 
a  solution  of  sodium  phosphate  a  white,  gelatinous  precipitate 
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of  aluminium  phosphate,  which  .  is  soluble  in  potassium 
hydroxide,  and  redeposited  from  this  solution  by  ammonium 
chloride  (like  aluminium  hydroxide).  It  is  distinguished  from 
aluminium  hydroxide  by  its  insolubility  in  acetic  acid ;  the 
difiference  is  made  still  more  pronounced  by  the  following 
reactions : — 

If  tartaric  acid  be  added  to  the  acid  solution,  to  keep  the 
aluminium  salt  in  solution  during  the  subsequent  reactions, 
and  then  neutralised  by  an  excess  of  ammonia,  the  addition  of 
magnesium  sulphate  produces  a  precipitate  of  ammonium 
magnesium  phosphate.     The  aluminium  is  left  in  solution. 

Fen*ic  phospfutte,  FePO^. — Neutral  and  acetic  acid  solutions 
of  phosphates  deposit,  upon  the  cautious  addition  (by  drops)  of 
ferric  chloride,  a  yellowish  white,  gelatinous  precipitate  of  ferric 
phosphate,  insoluble  in  acetic,  but  soluble  in  mineral  acids.  It 
is  decomposed  on  warming  with  caustic  potash  or  ammonium 
sulphide  (ferric  hydroxide  or  ferrous  sulphide  being  in  the 
precipitate  and  the  alkali  phosphate  in  solution).  The  employ- 
ment of  ferric  phosphate  enables  the  separation  of  phosphoric 
acid  from  many  metals.  The  slight  solubility  of  ferric  phos- 
phate in  a  solution  of  ferric  acetate,  'Fe(G^ILfi^)^y  and  also  in 
other  ferric  salts,  necessitates  the  following  precautions  in  its 
precipitation:  (1)  The  ferric  chloride  must  be  added  drop  by 
drop  (lest  an  excess  of  the  reagent  be  used ;  ferric  acetate  will 
otherwise  be  formed  from  the  acetate  in  solution).  (2)  If  the 
solution  already  contains  much  ferric  iron  (this  is  to  be  deter- 
mined by  a  preliminary  test),  the  latter  must  be  reduced  to 
the  ferrous  state  (ferrous  acetate  does  not  dissolve  ferric  phos- 
phate) before  the  phosphoric  acid  is  separated. 

In  separations  which  are  to  be  employed  in  qualitative 
analysis,  therefore,  the  experiments  must  be  made  as  follows : 
The  acid  solution  of  the  phosphate  is  neutralised  by  sodium 
carbonate,  the  latter  being  added  drop  by  drop  until  the 
solution,  which  must  be  continuously  stirred,  assumes  a  per- 
manent turbidity.  After  the  addition  of  sodium  acetate  (a 
precipitate  may  here  ensue  if  the  solution  contained  the  phos- 
phates of  iron,  aluminium,  or  chromium),  the  yellowish  white 
ferric  phosphate  is  precipitated  by  ferric  chloride,  the  reagent 
being  added  drop  by  drop.  The  precipitate  continues  to 
separate  as  long  as  phosphoric  acid  is  present.     As  soon  as  the 
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precipitation  is  complete,  a  single  drop  of  ferric  chloride  in 
excess  gives  a  reddish  brown  tint  to  the  solution.  Upon  the 
appearance  of  this  colour  the  addition  of  the  reagent  must  be 
ceased,  as  it  indicates  that  ferric  acetate  is  formed  (red-brown 
colour,  §  34),  which  can  result  only  from  the  action  of  an 
excess  of  ferric  chloride  upon  sodium  acetate.  The  liquid  is 
next  boiled  (the  soluble  ferric  acetate  being  converted  on 
boiling  to  an  insoluble  basic  salt,  §  34).  Ferric  phosphate  and 
basic  acetate  are  found  in  the  precipitate,  which  contains  all 
the  iron  previously  in  solution. 

Tlie  phosphates  of  aluminium  and  chromium,  if  present,  remain 
unaltered  in  this  reaction,  and  if  they  were  in  the  solution,  they  will  be 
found  with  the  ferric  phosphate  in  the  precipitate.  Barium,  strontium, 
and  calcium  phosphates  are  decomposed,  and  all  their  phosphoric  acid  is 
obtained  in  the  precipitate  as  ferric  phosphate,  while  the  metals  them- 
selves remain  in  solution. 

When  a  larger  quantity  of  ferric  iron  is  present  (see  above), 
the  reaction  is  made  in  a  different  manner.  The  acid  solution 
is  heated  to  boiling,  and  after  the  ferric  iron  has  been  reduced 
by  sodium  thiosulphate,  a  great  excess  of  the  latter  being 
avoided,  it  is  boiled  to  drive  off  the  sulphurous  acid  (the 
operation  should  be  performed  under  a  hood).  It  is  next 
neutralised  by  sodium  carbonate,  and  an  excess  of  sodium 
acetate  added  (aluminium  and  chromium  phosphates  may  be 
precipitated).  On  the  addition  of  bromine -water,  drop  by 
drop,  a  precipitate  of  ferric  phosphate  is  immediately  formed. 
The  bromine-water  is  added  until  the  red-brown  colour  of  ferric 
acetate  appears,  and  the  solution  then  boiled  and  treated  as 
above.  All  the  iron  except  that  bound  to  the  phosphoric  acid 
remains  in  solution  as  a  ferrous  compound.  When  manganese 
is  present,  ferric  chloride  forms  the  l)etter  precipitant,  as  an 
excess  of  bromine  throws  down  manganese  peroxide. 

Silver  pJiosphate,  Agj^PO^. — Silver  nitrate  precipitates  from 
neutral  solutions  the  yellow  silver  phosphate,  readily  soluble  in 
ammonia  and  nitric  acid. 

C.  The  salts  which  are  iiisoluhlc  in  nitric  acid  afford  the 
separation  of  phosphoric  acid  from  all  metals ;  with  the  excep- 
tion of  the  phosphomolybdate  they  are  not  employed  in 
qualitative  reactions.    These  salts  are  decomposed  by  ammonia, 
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alkalies,  and  alkali  carbonates  (method  of  separation  of  the 
luetals  from  the  acid  in  phosphates  of  this  group). 

Ammonium  phosphoiiwlybdate,  (MoO^)^X^ll^)^VO^, — Bright 
yellow,  crystalline  precipitate,  insoluble  in  nitric  acid.  It 
affords  a  delicate  reaction  for  phosphoric  acid. 

Ilundeshagen  has  found  that  this  compound,  when  precipitated  from 
nitric  acid  solution,  always  contains  the  latter  acid.  He  ascribes  to 
ammonium  phosphomolybdate  the  formula  : 

12M0O3 .  (NH4)3P04 .  2NHO3  +  H2O. 

This  compound  is  analogous  to  the  dichromate,  CrOy .  KgCrO^,  to  the 
metaphosphate,  P2O5 .  NagPO^,  etc,  which,  for  the  sake  of  comparison,  we 
liere  represent  as  compounds  of  the  acid  anhydrides  \vith  neutral  salta 
Phosphomolybdic  acid  is,  like  those  enumerated,  an  anhjdro-hydrated 
acid,  as  shown  by  the  formula  : 

(OH)aPO  -  0  -  [M0O2  -  0]„  -  MoOjCOH). 

The  reagent  employed  is  a  solution  of  ammonium  molybdate 
in  nitric  acid.  It  produces  in  neutral  or  acid  solutions  of 
phosphoric  acid  or  its  salts  a  finely  granular  bright  yellow 
precipitate  of  ammonium  phosphomolybdate.  Small  quantities 
of  phosphoric  acid  are  precipitated  only  after  some  time  has 
elapsed,  but  the  reaction  may  be  hastened  if  the  solution  be 
allowed  to  stand  at  a  gentle  heat  (40°  C.)  Only  a  few  drops 
of  the  concentrated  solution  of  a  phosphate  are  required  for 
the  reaction,  and  a  greater  quantity  of  the  salt  is  detrimental 
(sodium  phosphate  dissolves  ammonium  phosphomolybdate). 
In  this  test  the  solution  often  becomes  yellow,  without 
depositing  a  precipitate,  and  this  must  not  be  taken  as  an 
indication  of  phosphates.  Ammonium  phosphomolybdate  is 
somewhat  soluble  in  water  and  acids,  but  rendered  insoluble 
in  either  water  or  nitric  acid  by  the  presence  of  free  ammonium 
molybdate.  Non-volatile  organic  acids  and,  in  general,  all  com- 
pounds which  can  effect  reduction,  such  as  hydriodic  acid, 
hinder  the  precipitation,  as  they  reduce  the  molybdic  acid. 
Ammonia  completely  decomposes  the  salt,  even  in  the  cold, 
with  formation  of  ammonium  phosphate  and  molybdate. 


SYSTEMATIC  OOXJBSE  OF  ANALYSIS 

§  61.  The  Metals  of  Oroup  III.  and  Phosphates. — The 
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presence  of  phosphates  does  not  afifect  the  course  of  analysis  of 
Group  III. 

If  their  presence  is  suspected,  a  test  is  made  before  the 
precipitation  with  ammonium  sulphide,  by  neutralising  with 
ammonia  The  reagent  is  added  drop  by  drop  until  the  re- 
action is  barely  alkaline,  and  if  a  precipitate  appears  on  the 
solution  being  warmed,  the  presence  of  phosphates  may  be 
assumed.  It  cannot  be  concluded  from  negative  results  in 
this  one  experiment,  however,  that  they  are  absent,  since,  if 
ammonium  salts  be  in  the  solution,  ammonia  does  not  always 
precipitate  the  phosphates.  It  is  much  better  to  make  a  test 
with  ammonium  molybdate  in  a  small  portion  of  the  liquid, 
first  acidifying  with  nitric  acid  (§  50).  This  reaction  proves 
only  the  presence  of  phosphoric  acid.  The  detection  of  the 
metals  requires  the  use  of  a  scheme  of  analysis  based  upon  the 
methods  of  analysis  of  Group  III.,  which  is  given  in  ^§  48  and 
40.  We  shall  treat  of  them  briefly.  The  precipitation  with 
ammonium  sulphide  is  effected  under  the  conditions  mentioned 
in  the  respective  pamgraphs  (see  also,  the  precipitation  of 
phosphates  by  neutralisation).  To  separate  nickel  and  cobalt, 
the  precipitate  is  treated  with  dilute  hydrochloric  acid  in  the 
cold.  They  are  separated  from  each  other  according  to  §  48. 
The  phosphates  remain  in  solution  with  the  metals  of  Group 
III.,  Divisions  1  and  2.  The  analysis  of  native  phosphates, 
which  never  contain  chromium,  is  described  below  in  full. 
Phosphates  found  in  nature  are  chiefly  those  of  aluminium, 
ferric  iron,  calcium,  and  magnesium. 

1.  Precipitation  as  basic  acetates  and  as  fe7*ric  'pliosphate, — 
When  chromium  is  absent,  the  metals  of  Divisions  1  and  2 
are  separated  as  their  basic  acetates  (§  40).  In  the  presence 
of  phosphates,  however,  the  performance  of  the  operation  must 
be  slightly  modified.  If  ferric  chloride  is  to  be  employed  for 
the  detection  and  separation  of  phosphoric  acid,  the  presence 
of  iron,  in  both  the  ferric  and  ferrous  states,  in  the  substance 
to  be  analysed,  must  first  be  determined.  Special  portions  of 
the  original  solution  are  tested  with  feiTocyanide  and  ferricyanide 
of  potassium.  If  these  preliminary  tests  indicate  the  presence 
of  much  iron,  it  is  necessary  to  protect  the  hydrochloric  acid 
solution  of  the  ammonium  sulphide  precipitate  from  oxidation 
(§50  B).     After  neutralisation  with  sodium  carbonate  and  the 
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addition  of  sodium  acetate,  the  solution  is  precipitated  by  ferric 
chloride,  the  reagent  being  added  drop  by  drop  (detection  and 
separation  of  phosphates).  All  the  conditions  mentioned  in 
§  50  B  must  be  secured;  the  solution  having  been  boiled  and 
filtered,  the  precipitate  contains  all  the  phosphoric  acid  as 
AlPO^  and  FePO^,  and  also  the  basic  acetates  of  FCgOg  and 
AlgOg,  if  there  were  salts  of  these  metals,  other  than  phos- 
phates, in  the  solution.  Not  only  manganese,  zinc,  and 
ferrous  iron,  but  also  any  magnesium  and  calcium  which  were 
present  as  phosphates,  remain  in  the  solution.  The  iron 
having  next  been  oxidised  to  the  ferric  state,  tests  are  made 
for  these  metals  according  to  §§  40  and  24.  The  precipitate 
of  mixed  hydroxides  and  phosphates  is  removed  from  the 
filter  and  treated  with  caustic  potash ;  aluminium  hydroxide 
and  phosphate  go  into  solution,  and  the  residue  consists  of 
ferric  hydroxide  and  phosphate.  The  alkaline  solution  is  filtered 
and  subjected  to  tests  for  aluminium  and  phosphoric  acid, 
according  to  §  50  B.  The  precipitate  is  treated  with 
ammonium  sulphide  and  gently  heated,  whereupon  the  phos- 
phoric acid  goes  into  solution  as  ammonium  phosphate.  After 
the  ammonium  sulphide  has  been  decomposcjd  by  boiling  with 
a  slight  excess  of  hydrochloric  acid,  and  the  separated  sulphur 
has  been  filtered  off,  a  test  for  phosphoric  acid  is  made  by  pre- 
cipitation with  magnesium  sulphate  in  presence  of  ammonia 
and  ammonium  chloride  (§23).  Under  certain  conditions  of  the 
experiment,  it  is  possible  that  all  of  the  phosphoric  will  be 
found  with  the  aluminium  in  the  caustic  potash  solution. 

2.  Precipitation  vnth  barium  carbonate, — Let  us  now  con- 
sider the  analysis  of  phosphates  which  contain  chromium. 
This,  as  has  already  been  said,  can  occur  only  in  artificially 
prepared  mixtures.  The  presence  of  chromium  is,  as  usually, 
determined  by  the  coloration  of  the  borax  bead.  When  iron 
is  present  the  solution  is  oxidised  and  precipitated  with  barium 
carbonate,  according  to  the  first  part  of  §  40 ;  before  applying 
the  reagent,  the  absence  of  barium  from  the  original  solution 
must  be  established.  This  question  is  quickly  answered  by 
the  addition  of  sulphuric  acid  to  a  separate  portion  of  the 
solution.  If  no  precipitate  forms,  the  solution  is  neutralised 
with  sodium  carbonate  and  treated  with  barium  carbonate  under 
the  conditions  given  in  §  28.     After  complete  precipitation,  all 
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the  phosphoric  acid  is  found  in  the  precipitate  as  AlPO^,  FePO^, 
jCrPO^,  and  Ba3(PO_j)2.  Bariiin^  phosphate  will  also  be  obtained 
if  the  phosphates  of  calcium  or  magnesium,  which  are  decom- 
posed by  barium  carbonate,  were  in  solution  (§  50).  AlgO^, 
Fe^Og,  Cr^Og,  may  also  be  in  the  precipitate,  if  their  salts  were 
in  solution,  and  it  also  contains  the  excess  of  barium  carbonate 
used.  In  addition  to  the  soluble  barium  salts  formed  from  the 
carbonate,  those  of  manganese  and  zinc  remain  in  solution,  as 
well  as  calcium  and  magnesium  salts,  if  phosphates  of  these 
latter  metals  were  originally  present.  The  further  course  of 
analysis  is  the  same  as  in  the  previous  case. 

On  treatment  of  the  precipitate  with  potassium  hydroxide 
a  part  of  the  chromium  also  goes  into  solution.  If  AlPO^  be 
boiled  with  caustic  potash  in  presence  of  a  sufficient  quantity 
of  barium  carbonate,  it  can  be  completely  decomposed,  with 
formation  of  aluminium  hydroxide  and  barium  phosphate. 
Phosphoric  acid,  therefore,  cannot  remain  in  solution. 
Chromic  hydroxide,  after  being  boiled  with  the  alkali,  re- 
mains for  the  most  part  with  the  iron,  and  its  separation  is 
therefore  inaccurate. 


DETECTION  OF  THE  ACIDS  IN  AMMONIUM 
SULPHIDE  PBECIPITATES 

§  52.  If  the  indications  mentioned  at  the  heginniiig  of  §  51  point  to 
the  presence  of  the  acids,  the  latter  are  detected  by  special  reactions, 
which  are  made  in  the  hydrochloric  acid  solution  of  the  precipitate 
obtained  in  the  separation  of  Group  III.  Division  3,  from  Divisions  1 
and  2  (§  48). 

Phosphoric  acid.-^A  portion  of  the  solution  is  evaporated  with  nitric 
acid,  and  a  test  made  for  phosphoric  acid  with  ammonium  molybdate, 
(§  60  C).     If  found,  the  analysis  is  made  according  to  §§  48  and  51. 

The  remaining  acids  >vill  be  considered  among  the  metalloids,  but  we 
shall  mention  the  tests  for  them  here  also.  (Tests  to  be  made  in  the  same 
solution.) 

SUicic  acid — Evaporate  the  solution  to  dryness,  heat  the  residue  for 
some  time  at  100°  C,  and  treat  with  hydrochloric  acid.  Test  with  micro- 
cosmic  salt :  silica  skeleton  (Section  II. ;  Silicon). 

Hydrofluoric  acid. — The  hydrochloric  acid  solution  is  precipitated  with 
ammonia  ;  the  dry  precipitate  tested  for  fluorine  (Section  II. ;  Fluorine). 

Boric  acid  is  detected  by  the  green  colour  which  it  imparts  to  the 
flame  (Section  II. ;  Boron). 
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BEBYLLIXJM,  YTTBIUM,  EBBIUM,  YTTEBBIUM,  SCANDIUM, 
ZntOONIUM,  THOBIUM,  CEBIUM  (DIDYMIUM,  SAM- 
ABIUM,  LANTHANUMX  TITANIX7M,  NIOBTOM,  TAN- 
TALUM, INDIUM,  GALLIUM,  UBANIUM,  THALLIUM 

These  elements  belong  to  the  Third  Group  of  metals  because  they  are 
not  precipitated  from  acid  solutions  by  hydrogen  sulphide,  and  are  thrown 
down  (as  hydroxides  or  sulphides)  by  ammonium  sulphide. 

The  chemical  properties  of  these  metals  exhibit  unusual  variations. 
They  include  members  of  several  families  of  elements.  Indium,  uranium, 
and  thallium  are  precipitated  by  ammonium  sulphide  as  sulphides,  and 
stand,  in  their  properties  and  oxides,  in  close  relationsliip  to  aluminium 
and  iron,  and  in  a  measure  to  chromium  also.  The  remaining  elements 
are  precipitated  by  ammonium  sulphide  as  hydroxides  of  varying  com- 
position ;  they  resemble  in  part  the  metals  of  the  magnesium  group,  and 
in  part  are,  to  a  certain  degree,  analogous  to  silicon  and  tin.  We 
group  them,  as  much  as  possible,  according  to  their  chemical  resemblance, 
but  without  reference  to  the  three  Divisions  with  which  we  are  already 
familiar.  A  classification  like  that  of  Group  IIL  is  prevented  by  the  widely- 
varying  characteristics  of  these  rare  elements.  They  are  in  many  respects 
insufficiently  investigated,  and  their  study  is  therefore  unimportant  for 
the  beginner.  This  justifies,  also,  their  isolation  from  the  general  scheme 
of  exposition.  Our  unsatisfactory  knowledge  of  these  elements  necessitates 
a  departure  from  the  methods  of  study  which  we  have  hitherto  pursued. 

Since  it  is  impossible  to  include  the  analysis  of  these  elements  in  the 
general  systematic  scheme,  or  to  express  the  analysis  of  all  their  possible 
mixtures  by  a  single  system  of  formulae,  we  shall  limit  ourselves,  after 
having  learned  their  reactions,  to  the  explanation  of  the  few  cases  (analyses 
of  minerals  which  contain  the  rare  elements)  in  which  such  an  analysis 
has  already  been  accomplished. 

In  order  to  understand  these  elements  the  more  perfectly  we  separate 
them  into  a  few  Divisions.  I.  Ammonium  sulphide  precipitates  hy- 
droxides (with  evolution  of  HgS)  of  varying  atomic  composition  :  beryl- 
lium, yttrium  (erbium),  zirconium,  thorium,  cerium,  lahthanum,  didymium, 
titanium,  tantalum,  niobium.  As  a  basis  for  the  division  of  these  metals 
into  groups,  the  various  chemical  properties  of  their  oxides,  and  the 
analytical  methods  which  depend  upon  the  character  of  the  latter,  may  be 
employed.  It  must  })e  added  that  the  similarity  between  the  single 
metals  is  too  great  to  permit  a  sharp  classification.  (1)  Titanium,  tan- 
talum, and  niobium  form  the  oxides  TiOo,  TagO^,  NbgO^,  which  are 
called  titanic,  tantalic,  and  niobic  acids  respectively.  These  terms 
indicate  that  these  non-basic  oxides  possess  no  power,  or,  more  correctly, 
possess  little  power  of  uniting  with  other  acids,  e.g.y  sulphuric,  to  form 
salts.  The  oxides  of  the  other  metals  are  bases  which  do  give  salts  with 
acids.  This  distinction  in  their  properties  is  turned  to  account  in 
analysis  ;  minerals  which  contain  these  metals  are  treated  with  sulphuric 
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acid  (or  asid  potassium  sulphate)  or  with  hydrofluoric  acid  (or  with  acid 
potassium  fluoride,  KHF2).  In  the  first  instance,  the  slightly  hasic  oxides 
of  Ta  and  Nb  are  not  dissolved  (titanium  dissolves ;  see  below),  while  the 
remainder  form  soluble  sulphates.  In  the  second  case,  the  fluorides  which 
correspond  to  the  basic  oxides  do  not  go  into  solution,  but  titanium,  tan- 
talum, and  niobium  are  dissolved,  either  as  fluorides  or  as  the  double 
salts  with  potassium  fluoride,  TiKgFg,  TaKgF^,  NbOKgF^.  Tlie  action  of 
alkalies  or  of  alkali  carbonates  brings  Ti,  Ta,and  Nb  into  solution,  and  leaves 
the  others  (zirconium  excepted)  undissolved.  The  above  reactions  permit 
the  classification  of  titanium,  tantalum,  and  niobium  as  a  special  division. 
The  basic  oxides  are  especially  characterised  by  the  formation  of  double 
salts  with  potassium  sulphate,  and  neutral  potassium  sulphate  acts  as  a 
useful  reagent  in  their  analyses.  (2)  Soluble  double  sulphates  are  formed 
by  beryllium,  yttrium  (erbium) ;  (3)  insoluble  salts,  by  zirconium,  thorium, 
cerium  (lanthanum,  didymium).  II.  Uranium,  indium,  and  thallium, 
finally,  are  precipitated  as  sulphides  by  ammonium  sulphide. 


BEBTLLIXTM 

§  53.  Beryllium  is  found  in  a  few  minerals,  phenacit^  beryll, 
euclase.  The  beryllium  salts  are  similar  in  their  properties  to  those  of 
magnesium.  Beryllium  chloride  may  be  sublimed,  colours  the  flame  of 
the  gas-burner,  and  gives  a  characteristic  flame-spectrum  which  contains  a 
green  and  a  red  line,  both  brilliant. 

Reaetions  of  heryllium  salts, — TJie  hydroxide^  Be(0H)2,  is  deposited  from 
the  solutions  of  beryllium  salts  as  a  flocculent,  white  precipitate  by  the 
action  of  potassium  hydroxide,  ammonia,  or  ammonium  sulphide.  It  is 
soluble  in  potassium  hydroxide,  but  is  reprecipitated  from  this  solution  on 
being  boilcxi  (when  in  dilute  solution),  and  also  by  ammonium  chloride. 
On  continued  boiling  with  ammonium  chloride  it  redissolves,  with  for- 
mation of  beryllium  chloride.  Tartaric  acid  interferes  with  the  precipita- 
tion by  caustic  potash.  Anhydrous  beryllium  oxide  is  brought  into 
solution  by  acids  with  difficulty,  but  readily  by  acid  potassium  sulphate. 

The  carbonate,  BeCOg,  is  thrown  down  by  sodium  and  ammonium 
carbonate  as  a  white,  gelatinous  precipitate,  which  is  soluble  in  a  great 
excess  of  the  reagent,  but  again  deposited  on  }>eing  boiled.  Bariimi  car- 
bonate does  not  precipitate  beryllium  salts  in  the  cold,  but  throws  them 
down  completely  from  warm  solution. 

The  distinctive  characteristics  of  beryllium  salts  are :  non-precipita- 
tion by  oxalic  acid,  as  beryllium  oxalate  is  soluble,  or  by  neutral  potas- 
sium sulphate,  the  double  salt,  K2Be(S04)2,  being  likewise  soluble. 

Analysis  of  heryll  (aluminium  and  beryllium  silicate). — The  silica  is 
separated  by  fusion  of  the  silicate  with  a  mixture  of  sodium  and  potassium 
carbonates  (Section  II.)  Aluminium  is  next  precipitated  frqpa  the  solu- 
tion by  an  excess  of  ammonium  carbonate  :  this  operation  must  be 
repeated  several  times,  as  the  separation  is  not  accurate.  After  filtration 
and  expulsion  of  the  ammonium  salts  by  boiling,  beryllium  hydroxide  is 
precipitated  by  ammonia,  dried,  and  weighed. 


120  ANALYTICAL  CHEMISTRY  group  hi 


YTTBIUM,  YTTEBBIUM,  SCANDIUM,  OEBIUM, 
LANTHANUM,  DIDYMIUM,  SAMABIUM 

These  elements  constitute  the  so-called  gadolinite  and  cerite  group. 
They  are  very  numerous,  and  their  number  increases  with  improvement 
in  the  methods  of  their  investigation,  as  it  is  found  that  compounds 
formerly  considered  pure  are  merely  mixtures  of  the  compounds  of 
several  metals. 

The  most  important  chemical  characteristics  of  the  gadolinite  metals 
are  as  follows  : — The  atomic  composition  of  the  salt-forming  oxides  is 
R2O3  ;  higher  oxides  exist  for  a  few  of  the  metals,  for  instance,  of 
cerium  :  the  salts  which  characterise  these  metals  are  the  insoluble 
oxalates  and  the  double  salts  of  their  sulphates  with  the  alkali  sulphates. 
Solutions  of  the  salts  of  a  few  metals  (erbium,  didymium)  give  absorption- 
spectra  (Section  III.)  The  more  perfectly  investigated  metals,  yttrium, 
lanthanum,  cerium,  show  no  absorption -spectra  in  solution,  but  are 
characterised  by  their  spark-spectra  (Section  III.)  Scandium  occurs  with 
yttrium  in  a  few  minerals. 

Erbium  and  didymium  were  recognised  as  elements  by  the  absorption- 
spectra  of  their  salts  in  solution,  but  it  has  been  shown  that  the  oxide, 
supposed  to  be  that  of  erbium,  also  contained  those  of  holmium,  thulium, 
and  ytterbium  (Soret,  Marignac).  Didymium  oxide  was  split  up  by  Auer 
von  Welsbach  into  the  oxides  of  neodim  and  praseodim,  and  Q.  Kriiss 
and  Nilson  have  recently  claimed  that  all  these  elements,  and  also 
samarium,  are  complicated  substances.  The  study  of  the  absorption- 
spectra  has  led  these  authors  to  believe  that  the  above  erbium  and  didy- 
mium oxides  contain  no  less  than  twenty  elements.  Under  such  circum- 
stances we  may  readily  be  excused  from  entering  for  the  present  into  the 
reactions  of  these  metals. 

By  the  employment  of  new  methods  of  investigation,  the  fractional 
precipitation  of  yttrium  hydroxide  and  the  phosphorescence  spectrum 
(Section  III.)  of  its  compounds,  Crookes  has  arrived  at  the  conclusion  that 
the  metal  now  known  as  yttrium  contains  at  least  live,  and  perhaps  eight 
elements. 

YttriuiXL — Yttrium  exists  in  the  minerals,  gadolinite,  orthite,  yttro- 
tantalite,  etc  The  yttrium  salts  do  not  colour  the  flame,  yttrium  chloride 
being  non-volatile.  A  solution  of  yttrium  sulphate,  saturated  in  the  cold, 
deposits  a  precipitate  when  heated  to  40*  C.  Yttrium  chloride  gives  a 
characteristic  spark-spectrum  ^  111). 

Reactions  of  yttrium  salts. — Yttrium  hydroxide,  Yt(OH)g,  is  thrown 
down  by  caustic  potash,  ammonia,  or  ammonium  sulphide,  as  a  white, 
voluminous  precipitate,  insoluble  in  excess  of  these  reagents  (a  large  quan- 
tity of  ammonium  chloride  interferes  with  the  reaction,  as  yttrium 
hydroxide  decomposes  ammonium  chloride  with  formation  of  yttrium 
chloride  and  free  ammonia).  Tartaric  acid  does  not  prevent  precipitation 
with  potassium  hydroxide.  Both  the  hydroxide  and  anhydrous  oxides 
dissolve  readily  in  acids. 

Yttrium  carbonate,  Yt2(C03)3. — Potassium  and  ammonium  carbonates 
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produce  a  white  precipitate,  soluble  in  a  large  excess  of  the  reagent.  If 
the  solution  in  anunonium  carbonate  be  boiled,  it  deposits  yttrium 
hydroxide  ;  this  reaction  cannot  be  obtained  in  presence  of  ammonium 
chloride,  the  products  being  in  this  case  free  ammonia  and  yttrium 
chloride.     Barium  carbonate  precipitates  in  the  cold  (?) 

Yttrium  oxalate^  ^^ii^^^^y — ^^^^i^  acid  produces  a  white  precipitate, 
insoluble  in  excess  of  oxalic  acid  or  of  ammonium  oxalate. 

Yttrium  Jliioride,  YtF3. — Hydrofluoric  acid  throws  do^^Ti  yttrium 
fluoride,  gelatinous,  insoluble  in  excess :  it  changes  to  a  white  powder  on 
being  warmed. 

Yttrium  formate  and  sulphate  are  soluble  ;  the  latter  also  dissolves  in  a 
pcpnecntrated  solution  of  an  alkali  sulphate. 

Analysis  of  gadolinite  (silicate  of  Yt,  Be,  Fe,  Mn,  Ce,  La). — The 
mineral  is  decomposed  by  aqua  ngia  and,  after  the  silica  has  been  filtered 
off,  the  solution  is  neutralised,  and  the  insoluble  oxalates  of  Yt,  Ce,  La, 
precipitated  by  ammonium  oxalate  in  presence  of  ammonium  chloride. 
Be,  Fe,  Mn,  remain  in  solution  as  their  oxalates.  The  separation  of  the 
yttrium  from  cerium  and  lanthanum  is  efl'ected  by  treatment  with  potas- 
sium sulphate  (see  Cerium).  Yttrium  hydroxide  is  precipitated  from  the 
solution  of  the  double  potassium  sulphate  by  ammonia,  and  the  metal 
determined  as  oxide.  The  analysis  of  gadolinite  by  spectroscopic  methods 
is  explained  in  §  111. 

§  54.  Cerium,  Lanthanum. — Cerium  and  its  companions,  lanthanum 
and  didymium,  are  found  chiefly  in  orthite  and  cerite  (silicates  of  these 
metfids). 

Cerium. — Two  oxides  of  cerium  are  known,  the  sesquioxide,  Ce^Oy, 
and  dioxide,  CeOg.  The  former  is  converted  to  the  latter  by  ignition. 
Cerium  salts  are  also  of  two  degrees  of  oxidation,  cerous  and  eerie  ;  the 
latter  are^  as  a  rule,  not  very  stable. 

Reactions  of  cerous  salts. — These  are  the  most  stable  compounds  of 
cerium.  Cerous  chloride  is  non-volatile  (distinction  from  zirconium, 
beryllium,  thorium). 

Cerous  oxide  is  precipitated  by  caustic  alkalies  and  ammonium  sul- 
phide as  the  light  yellow  hydroxide,  Ce(0H)3,  which  is  insoluble  in  excess 
of  the  reagent^  and  assumes  a  yellow  tint  in  the  air  (due  to  oxidation). 
On  ignition  it  becomes  orange -yellow,  but  returns  to  bright  yellow  on 
cooling.  Ammonia  precipitates  basic  salts.  Tartiiric  acid  interferes  with 
the  precipitation  by  ammonia  or  caustic  alkalies  (distinction  from 
yttrium). 

The  carbonate  is  a  white  precipitate  soluble  in  excess  of  sodium  or 
potassium  carbonate.  Cerous  solutions  are  thrown  down  slowly,  but 
completely,  on  digestion  with  barium  carbonate. 

The  double  sulphate^  Kj^{^0^.^,  is  obtained  by  precipitation  with  a 
saturated  solution  of  neutral  potassiuni  sulphate  as  a  white  powder.  This 
double  salt  is  difficultly  soluble  in  water,  and  practically  insoluble  in  a 
concentrated  solution  of  potassium  sulphate. 

The  oxalate^  ^^2^^fi\i'i^  ^^  ^  white  precipitate,  insoluble  in  excess  of 
oxalic  acid,  and  difficultly  soluble  in  mineral  acids.  A  boiling  solution 
of  ammonium  oxalate  dissolves  it,  but  separation  again  takes  place  on 
dilution  with  water  in  the  cold. 
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The  formate  is  a  white  precipitate  which  is  sparingly  soluble  in  water. 

Sodium  thiosulphate  does  not  produce  a  precipitate. 

Geric  salts. — If  chlorine  be  led  into  the  warm  solution  of  a  cerous  salt 
in  presence  of  sodium  acetate,  or  if  the  solution  be  treated  with  sodium 
hypochlorite,  all  the  cerium  will  be  deposited  as  yellow  eerie  hydroxide. 

The  nitrate  is  formed  by  boiling  cerous  nitrate  with  lead  dioxide  and 
nitric  acid.  Its  solution  is  deep  yellow  (a  delicate  test  for  cerium). 
Anhydrous  eerie  oxide,  CeOg,  is  obtained  by  the  ignition  of  cerous  oxalate 
in  the  air.  It  is  only  a  weak  base,  and  decomposes  hydrochloric  acid 
with  formation  of  the  cerous  salt  and  generation  of  chlorine.  The  sul- 
phate and  nitrate  are  known  only  in  double  salts  with  NH^,  Mg,  etc  The 
reactions  of  the  eerie  salts  have  not  been  investigated.  In  analysis  the*^ 
are  converted  to  the  cerous  salts. 

Lanthanum  is  to  a  great  degree  similar  to  cerium,  but  has  only  one 
oxide  and  one  series  of  salts. 

Reactions  of  lanthanum  salts, — The  oxide  and  hydroxide,  La(0H)3,  are 
white  powders. 

The  potassium  sulphate  dovhle  salt,  KgLa2(S0^)y,  is  insoluble  in  a 
saturated  solution  of  potassium  sulphate. 

The  oxalate,  ^^(020^)^,  is  a  white,  crystalline  powder  insoluble  in 
water. 

The  formate,  La(CH02)3,  is  a  white  precipitate,  diflScultly  soluble  in 
water. 

Solutions  of  lanthanum  salts  show  no  absorption-spectrum. 

Analysis  of  cerite  (silicate  of  Ce,  La). — The  mineral  is  heated  with 
sulphuric  acid,  the  excess  of  acid  driven  off,  and  the  residue  digested  with 
water  and  nitric  acid  (separation  of  silica).  Cerium  and  lanthanum 
(didymium)  are  next  precipitated  by  a  solution  of  potassium  sulphate 
saturated  at  the  ordinary  temperature  (or,  better  still,  by  sodium  sulphate), 
and  the  precipitate  washed  with  the  same  solution.  There  is  no  accurate 
method  for  their  separation,  but  approximate  results  are  obtained  by 
dissolving  the  double  salts  in  hydrochloric  acid,  reprecipitating  with  potas- 
sium hydroxide,  and  treating  with  chlorine  (see  above  ;  Cerium).  A  fair 
separation  can  also  be  effected  by  the  ignition  of  their  nitrates  (at  400**  C.) 
Bunsen  recommends  the  indirect  determination  of  cerium  and  lanthanum 
by  means  of  the  sulphates.  The  preparation  of  the  pure  compounds  of 
these  metals  cannot  be  explained  in  this  place. 


THORIIJM 

Thorium  is  found  in  the  very  rare  minerals,  thorite  and  monazite 
(silicates  of  this  metal).  It  possesses  only  one  oxide,  and  its  salts  are 
thoroughly  stable.  Thorium  chloride  is  non-volatile  (it  can  be  sublimed). 
The  sulphate,  Th(S04)2  +  SHgO,  is  precipitated,  if  a  solution  of  the  sulphate, 
Th(S04)2  +  OHgO,  prepared  in  the  cold,  be  boiled  or  gently  warmed. 

Ructions  of  thorium  salts. — Thorium  oxide,  ThOg;  caustic  alkalies, 
ammonia,  and  ammonium  sulphide  throw  down  the  white  hydroxide, 
insoluble  in  excess,  but  which  dissolves  easily  in  acids ;  the  anhydrous 
oxide  is  insoluble  in  acids. 
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The  carhmxaU  is  precii)itated  by  potassium  or  ammonium  carbonate  ; 
it  is  soluble  in  excess  of  the  reagent  if  the  latter  is  concentrated  (it  is  re- 
deposited  on  heating.) 

Pot<u»ium  dmible  sulphate,  K^Th(S04)4. — Obtained  by  the  action  of  a 
concentrated  neutral  solution  of  potassium  sulphate.  The  precipitation 
is  slow,  but  complete  ;  the  precipitate  does  not  dissolve  in  mineral  acids. 

The  oxalate,  Th(C20^)o,  is  precipitated  by  oxalic  acid.  It  is  insoluble 
in  oxalic  acid  or  in  mineral  acids,  but  soluble  in  ammonium  oxalate.  It 
is  soluble  in  ammonium  acetate  in  presence  of  free  acetic  acid. 

Thorium  fluoride,  ThF^. — Hydrofluoric  acid  throws  down  a  gelatinous 
precipitate,  which  later  becomes  crystalline.  Thorium  forms  the  insoluble 
potassium  double  salt,  KoThF^. 

Sodium  thiosulphate  does  not  completely  precipitate  the  solution  of 
thorium  salts. 

Analysis  of  thorite  (silicate  of  thorium).  The  silicate  is  decomposed 
with  hydrochloric  acid,  and  evaporated  to  dryness  (separation  of  silica). 
The  mass  is  treated  with  dilute  sulphuric  acid,  strongly  evaporated,  and  pre- 
cipitated with  a  concentrated  solution  (saturated  at  the  boiling-point)  of 
potassium  sulphate.  The  precipitate  is  washed  with  the  same  solution, 
dissolved  in  water,  and  the  thorium  hydroxide  precipitated  by  potassium 
hydroxide  and  weighed. 


ZntOONIUM 

Zirconium  occurs  chiefly  in  the  mineral  zircon  (zirconium  silicate). 
It  has  only  one  oxide,  ZrOg.  The  metal  is  analogous  in  its  properties  to 
silicon  and  titanium.  Zirconium  oxide  forms  salts  with  acids.  The 
sulphate  is  difficultly  soluble  ;  zirconium  chloride,  ZrCl^,  is  volatile  ;  the 
fluoride  is  soluble  in  water  (distinction  from  thorium)  and  forms  with 
potassium  fluoride  a  salt,  KgZrF^,  which  dissolves  in  water  with  difficulty. 
On  the  other  hand,  if  zirconium  oxide  be  fused  with  sodium  carbonate,  it 
drives  out  the  carbonic  acid,  and  forms  a  sodium  zirconatc  only  slightly 
soluble  in  water.  This  salt  varies  in  its  composition  ;  the  simplest  form, 
Na^ZrO^,  is  obtained  by  the  action  of  an  excess  of  sodium  carbonate. 

Reactions  of  zirconium  salts. — Zirconium  hydroxide  is  precipitated  by 
caustic  alkalies,  ammonia,  and  ammonium  sulphide.  It  does  not  dissolve 
in  excess  of  potassium  hydroxide  (distinction  from  aluminium  and 
l)eryllium)  or  on  being  lx)iled  with  ammonium  chloride.  The  hydroxide 
precipitated  in  the  cold  is  easily  soluble  in  acids  ;  that  obtained  from  a 
boiling  solution,  and  also  the  ignited  oxide,  dissolve  in  acids  with  great 
difficulty  (to  bring  them  into  solution,  2  parts  of  concentrated  sulphuric 
acid  and  1  part  water  is  used). 

The  carbonate  is  characterised  by  its  solubility  in  ammonium  carbonate  ; 
it  is  redeposited  from  this  solution  by  boiling. 

The  potassium  douhk  sulphate,  K^Zr(S0^)4,  is  obtiined  by  the  action  of 
neutral  potassium  sulpliate  ;  it  is  insoluble  in  excess  of  the  reagent, 
but  dissolves  in  hydrochloric  acid  (distinction  from  Th,  Ce ;  the  salt  pre- 
cipitated from  hot  solution  is  also  insoluble  in  hydrochloric  acid). 

The  oxalate  is  precipitated  by  oxalic  acid  ;  it  is  insoluble  in  excess  of 


124  ANALYTICAL  CHEMISTRY  group  hi 

oxalic  acid,  but  soluble  in  hydrochloric  acid,  and  also  in  ammonium 
oxalate  (distinction  from  thorium). 

Sodium  thiosulphate  produces  a  precipitate  in  zirconium  salts. 

Analym  of  zircon. — The  zircon,  previously  ignited,  is  fused  with  sodium 
carbonate,  and  the  cake  obtained  digested  with  water,  which  leaves  the 
zirconium  and  sodium  compound  (and  silica)  undissolved.  The  residue 
is  next  dissolved  by  hydrochloric  acid  (silica  is  insoluble  and  thus  sepa- 
rated), and  zirconium  hydroxide  precipitated  from  the  solution  and 
weighed.  Zirconium  oxide  may  be  separated  from  ferric  oxide  by  either 
oxalic  acid  or  sodium  thiosulphate. 


TITANIUM,  NIOBIUM,  TANTALUM 

§  55.  Titanium,  niobium,  and  tantalum  differ  in  many  respects  from 
the  metals  just  described.  The  higher  oxides  of  these  metals  are  acids. 
To  bring  their  compounds  into  solution,  they  are  fused  with  sodium  or 
potassium  carbonate,  and  the  alkali  salts  of  titanic,  niobic,  or  tantalic 
acid  formed.  Another  method  of  analysis  is  based  upon  the  property 
which  these  elements  possess  of  uniting  with  potassium  fluoride,  to  form 
soluble  double  salts,  when  fused  with  acid  potassium  fluoride.  They  can- 
not be  brought  into  solution  by  fusion  with  acid  potassium  sulphate 
(with  the  exception  of  titanium). 

Titanium  occurs  in  nature  as  titanic  acid  (rutile,  anatase)  and  its  salt« 
(titanite).  Titaniferous  iron,  FeTi03,  is  isomorphous  with  chrome-iron  ore. 
Titanium  is  almost  the  only  metal  known  which  absorbs  nitrogen  on 
being  ignited  in  the  air.  It  has  two  oxides,  TigOg  and  TiO.>.  Titanic 
chloride,  TiCl^,  is  a  liquid  with  a  boiling-point  of  136"  C,  and  dissolves 
in  water  if  the  latter  be  cautiously  added,  but  soon  decomposes  to  titanic 
acid.  Rammelsberg  assumes  the  existence  of  twcjjp^»tes  of  titanic  acid, 
which  are  similar  to  those  of  stai\ni<K1!Ptfh^^he  fi^|  is  formed  from 
titanic  chloride,  the  second  by  precipitating  the  fusion  product  of  titanic 
acid  with  acid  sodium  sulphate  by  ammonia. 

Reactions  of  titanic  salts. — Titanium  dioxide  forms  compounds  with  both 
bases  and  acids  ;  neither  series  of  compounds,  howeverfce  stable.  When 
fused  with  potassium  carbonate  a  potassium  titanate  informed,  insoluble 
in  water,  but  soluble  in  acids  (with  decomposition).  Tip  salts  of  titanium 
dioxide  with  other  acids  (such  as  sulphuric,  etc.)  are  oPtained  in  solution 
by  this  means.  The  same  salts  may  be  prepared  by  the  solution  of 
titanic  acid  in  acids,  or  by  the  fusion  of  the  anhydrous  oxide  with  acid 
potassium  sulphate.  The  solutions  of  these  salts  are  stable  only  in  the 
cold,  and  on  being  warmed  (still  more  when  boiled)  the  titanic  acid 
(metatitanic  acid)  is  completely  deposited.  This  variety  of  the  hydroxide 
is  insoluble  in  acids.  AH  the  modifications,  however,  as  well  as  an- 
hydrous titanic  dioxide,  dissolve  in  hydrofluoric  acid.  On  fusion  with 
acid  potassium  fluoride  the  sparingly  soluble  (1  part  to  96  parts  HoO) 
double  salt,  KjTiFg,  is  formed.  We  shall  now  study  the  reactions  of  the 
solution  of  titanium  dioxide  in  acids. 

Potassium  hydroxidey  ammonia,  amm^ynium  sulphide,  barium  carbonate 
precipitate  white,  gelatinous  titanic  acid,  which  is  insoluble  in  excess  of 
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the  reagent  Tartaric  acid  hinders  the  precipitation.  Metatitanic 
hydroxide  is  deposited  from  the  acid  solution  on  boiling  (and  also  in 
presence  of  sodium  thiosulphate). 

Sodium  phosphate  throws  down  from  a  solution  of  titanium  chloride 
a  white  precipitate  of  titanium  phosphate,  (TiO)HP04,  insoluble  in  hydro- 
chloric acid, 

Hydrogenperoxide  colours  a  solution  of  titanium  dioxide  yellow  or  orange- 
red,  according  to  the  quantity  of  the  latter  present.  Delicate  reaction  for 
titanium. 

Zinc  (or  tin)  causes  in  an  acid  solution  of  titanium  dioxide,  even  in  the 
presence  of  hydrofluoric  acid  (distinction  from  niobium),  the  appearance  of 
a  violet  or  blue  colour  (formation  of  TigOg).  The  blue  solution  gives 
with  alkalies  a  blue  precipitate  (titanous  hydroxide  ?)  The  reduction 
of  titanic  acid  by  zinc  and  the  reverse,  the  oxidation  of  titanous  oxide 
to  titanic  acid  by  potassium  permanganate,  can  be  employed  in  the 
quantitative  estimation  of  titanium  in  presence  of  zirconium. 

Analysis  of  rutiUy  titaniferous  iron,  etc. — The  mineral  is  fused  with  six 
parts  by  weight  of  acid  potassium  sulphate.  The  mixture  is  at  first  very 
cautiously  ignited,  more  strongly  toward  the  end  of  the  operation  (after  it 
has  ceased  to  effervesce).  The  residue  is  digested  with  cold  water  and  the 
metatitanic  acid  precipitated  by  boiling  (in  presence  of  sodium  thio- 
sulphate or  acetic  acid,  for  the  separation  from  iron).  The  titanic  acid  is 
ignited  and  weighed.  The  separation  from  silica  (for  instance  in  titanite) 
is  best  effected  by  treatment  with  hydrofluoric  acid  (estimation  of  the 
silica  by  difference  ;  Section  II.  Silicon). 

Taatalmn. — Tantalum  is  found  (together  with  niobium)  in  the  rare 
minercds,  columbite,  tantalite  (tantalum  and  niobium  silicates).  It  forms 
with  oxygen  only  one  oxide,  tantalic  pentoxide  (not  reducible  by  hydrogen); 
tantalum  chloride  melts  at  213**  C,  and  boils  at  242^  C.  ;  it  is  completely 
decomposed  by  water. 

Reactions  of  tantalic  f{dde. — Tantalum  pentoxide  unites  with  both 
acids  and  bases.  On  {^..Aon  with  caustic  soda,  the  sodium  salt,  KaTaOg, 
is  formed,  which  is^t^oluble  in  the  alkali,  but  dissolves  as  soon  as  the 
solution  is  freed  fro«jT^he  latter.  The  hydrated  tantalic  acid,  TaHjO^, 
does  not  dissolve  in  hydrochloric  or  sulphuric  acid,  but  readily  in 
hydrofluoric  acid.  This  solution  forms  with  potassium  fluoride  the 
doable  salt,  K2TaFy,  which  is  6])aringly  soluble  in  water  (in  200 
parts),  especially  when  free  hydrofluoric  acid  is  present.  The  an- 
hydrous tantalic  oxide  may  1^  dissolved  by  fusion  with  the  acid  fluoride 
or  acid  sulphate  of  potassium  ;  in  the  latter  case  it  is  left  as  an  insoluble 
sulphate,  from  which  the  pure  oxide  may  be  obtained  by  ignition  in  an 
atmosphere  of  ammonium  carbonate.  If  sodium  tantalate  be  decomposed 
by  hydrochloric  acid,  the  precipitate  which  forms  is  white  and  soluble  in 
excess  of  the  acid  (sulphuric  and  other  acids  produce  a  hydroxide  insoluble 
in  excess).  This  solution  shows  the  following  reactions  :  ammonia  and 
ammonium  sulphide  throw  down  either  tantalic  acid,Tan304,  or  ammonium 
tantalate  ;  tartaric  acid  prevents  the  precipitation.  Zinc  has  no  reducing 
action  in  acid  solutions  (a  faint  blue  colour  is  obtained,  but  quickly 
disappears) ;  this  distinguishes  tantalum  from  niobium  and  titanium. 

Niobium  occurs,  together  with   tantalum,  in  columbite,  samarskite. 
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eschinite,  etc.  It  forms  several  oxides  ;  the  highest  is  the  pentoxide, 
NhgO^,  or  niobic  acid  (it  is  reduced  by  hydrogen  to  the  black  iiiobic 
dioxide,  NbOg).  Niobium  pentachloride,  NbClg,  boils  at  240°  C.  (fuses  at 
194**  C.)     The  oxychloride,  NbOClg,  is  also  known. 

BeactioTis  of  niobic  pentoxide. — Niobic  acid  combines,  like  the  foregoing 
metals,  with  either  bases  or  acids.  When  fused  with  alkali  carbonates  it 
forms  salts  (the  alkali  salts  are  insoluble  in  a  solution  of  potassium 
hydroxide).  Sulphuric  or  hydrochloric  acids  produces  a  precipitate  of 
niobic  acid,  soluble  in  a  great  excess  of  the  reagent  employed.  If 
anhydrous  niobic  pentoxide  or  the  minerals  be  fused  with  acid  sodium 
sulphate  and  the  mass  extracted  with  water,  the  niobium  is  left  undissolved 
(as  sulphate  ?)  By  fusion  with  acid  potassium  fluoride  an  easily  soluble 
(in  12  parts  water)  double  salt,  KgNbF^,  is  formed.  Reduction  of  niobic 
acid  by  zinc  in  acid  solution  causes  a  blue  coloration,  which  afterwards 
becomes  brown. 

Analysis  of  columhite  and  tantalite. — The  mineral  is  fused  with  acid 
potassium  sulphate  until  it  has  completely  passed  into  solution  in  the 
latter.  The  mass  obtained  is  then  subjected  to  prolonged  boiling  with 
water,  whereupon  niobic  acid  remains  as  a  precipitate  (usually  containing 
small  quantities  of  iron  and,  sometimes,  of  tin  and  tungstic  acid).  It  is 
purified  by  digestion  upon  the  filter  with  ammonium  sulphite  (stannic 
oxide  and  tungstic  acid  are  dissolved,  iron  is  converted  to  ferrous  sulphide). 
After  washing  with  water,  the  precipitate,  still  on  the  filter,  is  treated 
with  very  dilute  hydrochloric  acid  (to  dissolve  the  ferric  sulphide).  The 
niobic  oxide  is  ignited  with  ammonium  carbonate  before  weighing.  No 
method  for  the  quantitative  separation  of  niobium  from  tantalum  is  known. 
An  approximate  separation  is  attained,  according  to  Marignac,  by  solution 
in  hydrofluoric  acid,  addition  of  potaeftium  fluoride,  and  crystallisation  of 
the  double  fluorides.  Mari^mac  recom'h^nds,  as  the  best  method  of 
analysing  these  minerals,  their  fusion  with^id  potassium  fluoride,  and 
extraction  with  water  and  hydrofluoric  acid,  ^^^nother  method  of  approxi- 
mately separating  niobium  from  titanium,  whicr^vas  also  proposed  by 
Marignac,  consists  in  fusing  the  (impure)  niobium  peroxide  with  a  known 
quantity  of  sodium  carbonate.  Niobium  and  tantali:*!-  form  easily  soluble 
sodium  salts,  but  titanic  acid  enters  with  difliculty  into  combination. 
After  treatment  of  the  mass  with  water,  the  greater  part  of  the  titanic 
oxide  (with  a  little  tantalic  and  niobic  acids)  is  found  in  the  residue.  The 
reduction  of  the  titanium  dioxide  by  zinc  (after  conversion  to  the  fluoride, 
lest  niobic  acid  be  reduced),  and  subsequent  titration  with  potassium 
permanganate,  affords  a  method  of  separation  which,  though  only  approxi> 
mate,  is  nevertheless  better  than  the  foregoing. 


UEANIUM,  mDIUM,  GALLIUM,  THALLIUM 

§  56.  Ammonium  sulphide  precipitates  sulphides  from  the  solutions 
of  these  metals.  They  show  in  this  reaction  an  analogy  to  iron,  the 
reagent  throwing  down  the  lower  sulphides,  TlgS,  InS,  UOgS,  which  are 
easily  soluble  in  acids.  The  compounds  of  the  higher  oxides,  TI.2O3, 
lugOg,  are  reduced  by  the  reaction  (like  the   ferric  compounds).     The 
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higher  sulphides,  Tl^Sj  and  IngSg,  are  decomposed  by  water.  The  salts  of 
indium  and  uranium  consist  almost  exclusively  of  those  of  the  oxides 
In203  and  UOg.  Thallium  forms  not  only  the  thallic  salts  of  the  oxide 
TI2O3,  but  also  stable  thallious  compounds  of  TlgO. 

Uranium  occurs  in  nature  chiefly  in  the  mineral  pitch  blende.  It 
unites  with  oxygen  in  several  proportions,  of  which  the  principal  compounds 
are  :  uranous  oxide,  UOg,  uranic  oxide,  UO3,  and  the  urano-uranic  oxide, 
UgOg.  Both  uranous  and  uranic  oxides  enter  into  combination  with  acids 
to  form  salts.  Those  of  the  former  are  converted  by  the  action  of  oxygen, 
chlorine,  etc.  to  uranic  compounds.  The  uranic  compounds  contain  the 
uranium  bound  as  part  of  a  radical,  UOg,  or  "Uranyl"  (see  Bismuth) : 
the  hydroxide,  for  example,  is  U02(OH)2,  the  sulphate,  UOjSO^.  In 
addition  to  these,  many  double  salts  are  known.  Uranic  salts  are 
converted  to  the  uranous  state  by  reduction.  The  hydroxide  also 
combines  with  metallic  hydroxides  to  form  uranates  ;  an  example  is  seen 
in  potassium  uranate,  KgUgO^. 

Reactions  of  uranous  salts, — Alkalies  and  ammonia  produce  a  voluminous 
bright  green  precipitate  of  uranous  hydroxide,  which  is  gradually  changed 
to  black  by  the  action  of  the  air. 

Sodium  bicarbonate  throws  down  a  bright  green  precipitate,  which 
becomes  dark  when  heated,  and  is  soluble  in  an  excess  of  the  reagent 

Potassium  ferrocyanide  gives  a  precipitate  which  changes  to  brownish 
red  on  oxidation. 

Ammonium  sulphide  produces  a  bright  green  precipitate,  quickly 
turning  dark  brown.     Tartaric  acid  hinders  the  reaction. 

Barium  carbonate  causes  complete  precipitation.  Tartaric  acid  prevents 
all  the  above  reactions. 

Reactions  of  uranic  salts, —  Uranium  oxysulphide,  UOgS  +  HgO,  is 
obtained  by  the  action  of  ammonium  sulphide  ;  dark  brown  precipitate, 
somewhat  soluble  in  excess  of  the  reagent  (if  the  latter  contain  anmionium 
carbonate).  Uranium  oxide  is  precipitated  when  this  solution  is  boiled. 
Hydrogen  sulphide  does  not  produce  a  precipitate. 

Uranates, — Caustic  alkalies  and  ammonia  give  yellow  precipitates  of 
KjUgOy  and  (NH4)oU20-,  insoluble  in  excess. 

Carbonate, — Potassium  carbonate  and  bicarbonate  precipitate  the 
yellow  double-carbonate,  UOoK^( 003)3 ;  this  salt  is  soluble  in  excess  of 
the  reagent,  and  also  in  sodium  and  ammonium  carbonates.  Caustic 
potash,  added  to  such  a  solution,  throws  down  uranyl  hydroxide 
U02(OH)2. 

Barium  carbonate  completely  precipitates  uranic  salts  in  the  cold. 

Uranyl  phosphate,  (^^2)^(^^4)2^  ^^^  ^^®  uranium- ammonium  salt, 
(UOjXNH^PO^. — When  a  uranium  salt  is  precipitated  by  an  acid  or 
neutral  phosphate  in  presence  of  sodium  or  ammonium  acetate,  the 
yellowish  white  salt,  uranium  ammonium  phosphate,  is  obtained.  (It  is 
used  in  the  volumetric  estimation  of  phosphoric  acid.) 

Uranium  ferrocyanide. — Potassium  ferrocyanide  produces  an  almost 
black  precipitate.     The  reaction  is  very  delicate. 

Uranium  salts  show  a  characteristic  behaviour  with  microcosmic  salt 
or  borax.  In  the  oxidation  flame  they  give  a  yellow  bead  which  becomes 
yellowish  green  on  cooling :  in  the  reduction  flame  the  bead  is  green. 
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Preparation  of  uranium  compounds  from  pitch-blende  (UyOg  mixed  with 
several  other  metals). — ^The  mineral  is  decomposed  by  sulphuric  acid  and 
digested  with  water  (SiOg,  PbSO^,  BiOSO^,  BiAsO^,  remain  undissolved). 
The  metals  of  Groups  IV.  and  V.  are  next  precipitated  from  the  solution 
by  sulphuretted  hydrogen.  After  filtration  and  oxidation  with  nitric  acid, 
an  excess  of  ammonia  is  added  (Ni,  Co,  In,  Mg,  remain  in  solution) ; 
feme  hydroxide  and  ammonium  uranate,  (NH^g^g^r*  *r®  precipitated 
(together  with  certain  other  metals).  The  separation  of  the  uranium  from 
iron  is  effected  by  warming  with  ammonium  carbonate.  The  double  salt, 
uranyl-ammonium  carbonate,  crystallises  from  the  solution, 

Xndiuin  is  a  very  rare  companion  of  zinc,  its  chief  source  being  in  the 
zinc  blende  of  Freiburg.  The  metal  is  gray,  sp.  gr.  7*3,  soft,  and  un- 
altered by  air  or  water;  it  is  easily  fusible  (melting-point  IVe^X  ^^^ 
dissolves  readily  in  acids  with  evolution  of  hydrogen.  Only  one  series  of 
indium  salts  is  known,  these  corresponding  to  the  oxide,  lugOy  The 
(volatile)  indium  salts  colour  the  flame  blue,  and  the  spectrum  of  this 
flame  contains  two  brilliant  blue  lines  (Section  III.)  Investigation  with 
the  spectroscope  is  the  best  method  of  detecting  indium,  as  with  the 
exception  of  this  characteristic  its  salts  possess  great  similarity  to  those  of 
iron  and  aluminium. 

Reactions  of  indium  salts.  Indium  hydroxide, — Caustic  alkalies  pre- 
cipitate the  white,  gelatinous  hydroxide  (precipitation  hindered  by  organic 
acids),  soluble  in  excess,  but  again  deposited  if  the  solution  be  warmed  or 
allowed  to  stand.  The  hydroxide  dissolves  in  acids  easily,  the  anhydrous 
oxide  with  difficulty.     It  yields  the  metal  on  ignition  in  hydrogen. 

The  carhoimte, — Alkali  carbonates  produce  a  white,  gelatinous  pre- 
cipitate of  the  carbonate,  soluble  in  excess  of  ammonium  carbonate  (rede- 
posited  on  boiling).  Barium  carbonate,  ^cipitates  indium  hydroxide  in 
the  cold.  "\ 

The  5a«tc  cLcetate  and  basic  succinate  are  an^pgous  to  the  corresponding 
iron  salts,  and  obtained  in  the  same  manner. 

Indium  sulphide. — Hydrogen  sulphide  preciplt^es  neutral  or  acetic 
acid  solutions  of  indium  salts  in  the  cold,  yellow  indium  sulphide,  In2S3, 
being  formed.  Ammonium  sulphide  throws  down  a  white  precipitate 
which  is  soluble  in  hot  anmionium  sulphide,  but  again  deposited  on 
cooling. 

Zinc  precipitates  metallic  indium. 

Preparation  of  indium  compounds, — The  Freiburg  zinc  is  dissolved  in 
hydrochloric  acid,  and  the  solution,  after  being  acidified  with  nitric  acid, 
precipitated  by  hydrogen  sulphide  (separation  of  the  metals  of  Group  IV.) 
An  impure  indium  hydroxide  is  obtained  by  precipitation  of  this  solution 
with  ammonia.  This  is  dissolved  in  sulphuric  acid  and  the  metallic 
indium  precipitated  by  zinc. 

Ghillinin  is  extremely  rare.  It  was  discovered  in  the  zinc  blende  of 
Pierrefitte  and  Bensberg.  The  metal  is  gray,  and  fuses  at  30°  C.  The 
salts  of  gallium  oxide,  GagOg,  are  white ;  the  sulphate  forms  an  alum 
with  the  alkali  sulphates.  Alkalies  produce  in  the  solutions  of  gallium 
salts  a  white,  gelatinous  precipitate  of  the  hydroxide,  soluble  in  excess  ; 
barium  carbonate  throws  down  the  hydroxide  in  the  cold.  The  reaction 
with  potassium  ferrocyanide  is  very  delicate ;    this  reagent  causes  a  pre- 
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cipitate  (usually  coloured  by  ferric  ferrocyanide)  which  is  insoluble  in 
hydrochloric  acid.  The  spectrum  of  gallium  salts  (spark-spectrum)  con- 
sists of  two  violet  linesy  and  forms  the  principal  characteristic  of  the 
metal. 

Thallium. — Thallium  occurs  in  several  pyrites.  It  was  discovered  in 
the  siQphuric  acid  dust  which  settles  in  the  chambers  in  the  manufacture 
of  sulphuric  acid  from  pyrites.  Thallium  has  two  oxides,  thallious  oxide, 
TI2O,  and  thallic  oxide,  Tl^Og.  In  its  thallious  compounds  thallium  shows 
a  great  similarity  to  the  alkali  metals.  Thallious  oxide  (hydroxide,  TIOH) 
is  soluble  in  water  and  alcohol,  and  absorbs  carbonic  acid  from  the  air ; 
the  carbonate  is  also  somewhat  soluble  in  water.  Alkalies  and  alkali 
carbonates,  therefore,  do  not  precipitate  thallious  salts.  Nitric  acid  effects 
no  change  in  thallious  solutions,  but  when  boiled  with  aqua  regia  they  are 
converted  to  the  thallic  state.  The  brilliant  green  coloration  of  the 
flame  is  the  most  important  characteristic  of  thallium.  Its  spectrum  is 
remarkable  for  its  simplicity,  containing  only  one  brilliant  emerald-green 
line  (Section  III.) 

Beactions  of  thaUious  salts,  Thallious  sulphide,  TI2S. — Sulphuretted 
hydrogen  precipitates  thallium  sulphide  only  from  the  acetate.  (When 
arsenic  is  present,  thallium  is  precipitated  from  its  salts  with  other  acids 
together  with  the  arsenic.)  Ammonium  sulphide  throws  down  the  black 
monosulphide,  Tl^S,  which  quickly  oxidises  to  the  sulphate  when  exposed 
to  the  air,  and  is  readily  soluble  in  acids. 

Thallious  chloride  and  iodide  are  especially  characteristic  bodies.  Both 
are  insoluble  in  water,  and  are  precipitated,  the  one  by  hydrochloric  acid, 
the  other  by  potassium  iodide.  Thallious  chloride  is  white,  the  iodide 
yellow.  The  chloride  forms  a  platinichloride,  PtTlgCl^.  Zinc  precipi- 
tates metallic  thallium  from  its  solutions. 

The  thallic  compounds  have  been  very  slightly  studied.  The  oxide, 
TlgOg,  is  violet  (its  hydroxide  brown),  insoluble  in  water,  and  reduced  to 
thallious  oxide  on  ignition.  It  is  difficiQtly  soluble  in  sulphuric,  but 
dissolves  in  hydrochloric  acid.  This  solution,  however,  parts  with  its 
chlorine  on  warming,  and  thallious  chloride  is  formed.  Potassium  iodide 
reduces  thallic  compounds  with  separation  of  free  iodine.  Sodium  acetate 
completely  precipitates  thallic  hydroxide  from  boiling  solutions. 

Preparation  of  thalliwm  compounds. — The  dust  from  the  sulphuric 
acid  chambers  is  repeatedly  boiled  with  water  and  sulphuric  acid,  and 
thallium  chloride  precipitated  by  hydrochloric  acid  from  the  solution  thus 
obtained.  The  precipitated  chloride  is  evaporated  to  dryness  with 
sulphuric  acid  and  metallic  thallium  precipitated  from  the  solution  of  the 
sulphate  by  zinc. 

GEOUP   IV 

SILVEB,  MEBCUBT,  COPPEB,  CADMinM,  LEAD,  BISMUTH 
(PALLADIUM,  BHODIUM,  OSMIUM,  BUTHENIUM) 

This  group  of  metals  is  characterised  as  follows : — (1)  The 
salts  of  these  metals  are  precipitated  from  acid  solutions  by 
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hydrogen  sulphide,  i,e.,  their  sulphides  are  insoluble  in  dilute 
acids.     (2)  The  sulphides  are  insoluble  in  ammonium  sulphide. 

The  reactions  of  these  metals  cannot  be  studied  according  to  the 
system  hitherto  followed.  The  different  metals  differ  widely  in  their 
properties,  and  their  most  marked  characteristics  are  such  that  an  attempt 
to  group  them  into  divisions  would  be  fruitless.  The  indistinctness  of 
a  classification  of  this  kind  can  be  seen  by  comparing  the  methods  of 
separation,  and  therefore  the  chemical  characteristics  of  the  different  metals, 
which  are  employed  in  both  qualitative  and  quantitative  work.  (1)  Silver, 
mercury  in  mercurous  compounds,  and,  to  certain  extent,  lead  and  copper, 
may  be  grouped  together  on  the  ground  of  the  insolubility  of  their 
chlorides.  (2)  Silver,  copper,  mercury,  and  cadmium,  could  form  a 
division  characterised  by  the  solubility  of  the  cyanides  in  potassium 
cyanide.  (3)  Silver,  copper,  and  cadmium  are  distinguished  by  their 
power  of  forming  soluble  double  compounds  with  ammonium  salts  and 
ammonia.  (4)  Mercury  differs  from  all  the  other  metals  in  the  insolubility 
of  its  sulphide  in  nitric  acid.  (5)  Lead  and  mercurous  mercury  are 
characterised  by  the  insolubility  of  their  sulphates  in  water,  and  (6) 
Bismuth,  by  the  formation  of  insoluble  basic  salts  when  its  solutions  are 
acted  upon  by  water.  Following  these  properties,  we  should  most  fittingly 
place  silver,  mercury,  copper,  and  cadmium  in  one  division,  partly  because 
of  their  behaviour  toward  potassium  cyanide,  partly  because  they  form 
soluble  ammonium  compounds,  and,  finally,  because  their  chlorides  are 
insoluble.  The  second  division,  composed  of  mercury  and  lead,  would  be 
negatively  characterised  by  the  non- formation  bf  soluble  cyanides.  A 
complete  classification  of  this  kind  would  have  no  value,  for,  as  has  been 
said,  the  divisions  could  not  be  sharply  sustained  in  all  the  reactions. 
The  metals  of  Group  IV.  can  therefore  be  more  conveniently  considered 
together,  without  being  subjected  to  classification.  We  now  turn  to  the 
study  of  the  above  characteristic  reactions  of  this  group. 


General  Reactions 

§  67.  Sulphides. — These  metals  do  not  all  form  sulphides 
corresponding  to  each  of  their  degrees  of  oxidation ;  for  instance, 
HggS,  the  analogue  of  mercurous  oxide,  is  unknown  (when 
acted  upon  by  hydrogen  sulphide  mercurous  salts  deposit 
metallic  mercury  and  mercuric  sulphide).^  Cupric  sulphide, 
CuS,  is  also  unknown,  but  hydrogen  sulphide  precipitates  from 
cupric  solutions  the  compound,  Cu^S3  =  2CuS.  CU2S,  which,  on 
ignition,  is  converted  to  cuprous  sulphide,  Cu^S.  The  sulphides 
form  black,  amorphous  precipitates ;  cadmium  sulphide,  which 

^  In  pursuing  the  study  of  the  compounda  of  this  group  of  metals  the  student 
wiU  often  find  that  not  only  in  the  sulphides,  hut  in  many  other  salts  as  well,  the 
compound  corresponding  to  one  of  the  degrees  of  oxidation  is  wanting. 
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is  yellow,  is  an  exception  to  this  rule,  and  its  formation  is  a 
good  qualitative  indication  of  cadmium  salts.  These  com- 
pounds are  almost  all  stable  in  the  air  (distinction  from 
the  hydrated  sulphides  of  Group  III.);  lead  sulphide  and, 
still  more,  copper  sulphide,  however,  absorb  oxygen  on  ex- 
posure. 

A.  The  formation  of  the  sulphides  is  almost  exclusively 
effected  by  precipitating  the  solutions  with  hydrogen  sulphide 
or  ammonia  sulphide ;  more  rarely  with  sodium  thiosulphate. 

Predjpitation  by  hydrogen  sulphide  is  a  reaction  which  is  very 
important  in  separating  the  metals  of  this  group  from  the 
preceding  ones.  Complete  precipitation  requires  the  observ- 
ance of  many  conditions ;  it  is  dependent  not  only  upon  the 
concentration  of  the  solution,  but  also,  in  part,  upon  the 
character  of  the  acid  present.  The  sulphides  are  soluble  in 
concentrated  acids,  and  the  precipitation  with  hydrogen  sul- 
phide must,  therefore,  be  effected  only  in  the  presence  of  very 
dilute  acid  (i.e.,  strongly  acid  solutions  must  be  diluted  with 
water).^  On  the  other  hand  (in  the  separation  from  Group  III.) 
a  great  excess  of  weak  acid  must  be  present,  to  prevent  pre- 
cipitation of  the  sulphides  of  Group  III.,  especially  that  of 
zinc.  Hydrochloric  acid  is  the  best  acidifying  agent,  and  only 
in  cases  where  its  use  is  impossible  (e.^.,  when  chlorides  would  be 
precipitated)  should  nitric  acid  be  employed  (also  in  very 
dilute  solution).  A  current  of  hydrogen  sulphide  is  led  into 
the  acidified  solution,  and  the  flow  of  gas  so  regulated  that  the 
bubbles  passing  through  the  liquid  can  barely  be  counted. 
Some  of  the  metals,  when  acted  upon  by  hydrogen  sulphide, 
form  very  complicated  compounds.  Lead  and  mercury 
solutions  (in  presence  of  hydrochloric  acid)  throw  down  at 
first  the  double  compounds,  PbClg .  PbS  and  Hg(N03)2 .  HgS, 
respectively.  Further  action  of  the  hydrogen  sulphide  com- 
pletely converts  these  to  the  sulphides.  The  precipitation  by 
hydrogen  sulphide  must  be  very  thorough,  not  only  on  this  ground, 
but  also  because  the  different  metals  are  thrown  down  from  solu- 
tion one  after  another.  The  flow  of  hydrogen  sulphide  is  inter- 
rupted as  soon  as  the  liquid  smells  strongly  of  the  gas  when 
shaken.    As  this  reaction  with  sulphuretted  hydrogen  is  used  in 

^  Dilution  with  water  may  precipitate  insoluble  basic  bismuth  salts,  but  these 
do  not  Interfere  with  the  reaction  with  HjS. 
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Beparations,  it  must  be  carefully  studied,  so  that  the  student 
may  be  in  position  to  make  exact  separations  by  its  means. 
The  question  as  to  whether  the  precipitation  is  complete  is 
best  decided  by  testing  the  filtrate  from  the  sulphides  with 
hydrogen  sulphide  water;  non-precipitation  ndght  be  caused 
either  by  over-acidity  of  the  solution  or  an  insufiScient  quantity 
of  hydrogen  sulphide.  Operations  with  this  gas  must  be  per- 
formed as  cautiously  as  possible.  Its  careless  use  may  easily 
cause  unconsciousness,  which  is  usually  preceded  by  the  sense 
of  smell  being  deadened  to  hydrogen  sulphide. 

The  sulphides  obtained  are  filtered  off  and  washed.  In 
washing  with  pure  water,  certain  sulphides,  aa  soon  as  all 
soluble  salts  are  removed,  may  pass  into  solution  in  the 
colloidal  state  (e.g.,  copper  sulphide),  and  the  filtrate  then 
assumes  a  dark  colour.  The  addition  of  hydrogen  sulphide, 
acetic  acid,  or  anmionia  to  the  wash  water  prevents  this  draw- 
back. The  further  treatment  of  the  sulphides  will  be 
explained  below. 

The  action  of  ammonium  stUphide  upon  the  metals  of  this 
group  will  be  observed  only  in  connection  with  its  use  in  the 
separation  of  these  metals  from  Group  V.  Ammonium  sul- 
phide precipitates  the  sulphides  completely ;  copper  sulphide  is 
slightly  soluble  in  the  reagent,  and  thus  when  traces  of  copper 
are  present  with  metals  of  Group  V.,  treatment  with  ammonium 
sulphide  may  easily  bring  the  copper  into  solution  with  these 
metals  (§  78). 

Action  of  sodium  thiosidphate, — The  addition  of  sodium 
thiosulphate  to  hot  solutions  of  the  metals  of  Group  IV.,  acidified 
by  hydrochloric  acid,  precipitates  the  sulphides  of  all  the 
metals  of  this  group  except  lead  and  cadmium.  As  still 
better  methods  of  separating  the  other  metals  are  known,  the 
reaction  is  employed  only  for  the  separation  of  copper  from 
cadmiuuL  For  this  purpose  sodium  thiosulphate  is  added  to 
the  solution,  slightly  acidified  with  hydrochloric  acid,  until  the 
blue  colour  of  the  dissolved  copper  salt  vanishes.  This  dis- 
appearance in  colour  is  due  to  the  reduction  of  the  cupric  salt, 
the  cuprous  salt,  KCuSgOj,  being  formed.  (The  formula  of  the 
potassium  salt  is  here  given,  as  the  sodium  salt  is  of  a  much 
more  complicated  composition.)  The  colourless  solution  is  then 
boiled  until  the  black  copper  sulphide  has  completely  separated 
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out  (For  the  purpose  of  simplifying  the  equation,  the  formula 
of  copper  sulphide  is  represented  as  CuS.) 

2KCUS2O3  =  2CuS  +  K2SO4  +  SOg. 

All  the  cadmium  remains  in  solution ;  its  detection  will  be 
explained  later. 

B.  Behaviour  of  the  sulphides  toward  nitric  acid, — ^This 
reaction  is  employed  in  separating  mercury  from  the  other 
metals  of  the  group.  All  the  sulphides  except  that  of  mercury 
dissolve  in  boiling  nitric  acid,  with  formation  of  nitrates  and 
evolution  of  hydrogen  sulphide  : 

AggS  +  2HNO3  =  2AgN0.  +  HgS. 

Lead  sulphide  becomes  partly  oxidised  to  the  sulphate.  Mer- 
curic sulphide  is  practically  insoluble  in  hot  concentrated 
nitric  acid.  The  experiment  is  made  in  a  small  flask. 
When  the  reaction  is  finished  water  is  added,  and,  after  the 
solution  has  cooled,  the  mercuric  sulphide  is  filtered  off.  It  is 
to  be  remembered  that  as  metallic  mercury  is  deposited  from 
mercurous  solution  by  sulphuretted  hydrogen,  the  separa- 
tion of  mercury  from  other  metals  by  this  method  can  be 
employed  only  after  the  precipitate  has  been  wholly  converted 
to  the  sulphide  (by  treatment  with  anmionium  polysulphide, 
§  61) ;  or,  if  the  case  occurs  in  the  systematic  course  of  analysis, 
after  the  mercurous  salt  has  been  removed  by  other  means 
(§  58).  The  filtered  mercuric  sulphide  is  next  dissolved  in 
aqua  regia,  and  the  mercuric  chloride,  HgCl^,  which  is  obtained, 
subjected  to  confirmatory  tests.  The  remaining  metals  of 
Group  IV.  are  found  in  the  filtrate  of  the  mercuric  sulphida 

This  nitric  acid  reaction  is  not  actually  bo  simple  as  tlie  above  indi- 
cates. The  complications  to  which  attention  must  be  paid  in  qualitative 
analysis  result  from  the  fact  that  nitric  acid  not  only  causes  the  above  re- 
action, but  may  also  oxidise  the  reaction  products.  The  sulphuretted 
hydrogen  becomes  oxidised,  and  sulphur  separates  out : 

sHgS + 2NHO3 = 2N0 + as + 4H2O. 

Under  these  conditions  the  sulphur  cannot  be  oxidised  to  sulphuric 
acid,  and  upon  the  solution  of  the  sulphides,  therefore,  a  residue  always 
remains  ;  this  may  easily  be  mistaken  for  mercuric  sulphide,  since  the 
sulphur  (which  is  not  deposited  in  the  crystalline  state,  but  as  an  amor- 
phous mass)  encloses,  in  separating,  small  quantities  of  the  sulphides  and 
is  often  coloured  almost  black  by  them.      Lead  sulphide  may  also  be 
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oxidised  to  the  insoluble  (white)  lead  sulphate,  PbSO^;  and  finally,  a 
part  of  the  mercury  may  be  left  as  the  insoluble  white  compound, 
Hg(N08)22HgS.  When,  therefore,  an  insoluble  residue  is  obtained  by 
the  action  of  nitric  acid  upon  sulphides,  conclusions  as  to  its  composition 
can  be  formed  only  from  confirmatory  tests,  and  not  from  the  colour. 
The  confirmatory  tests  to  be  employed  will  be  explained  in  the  proper 
paragraph.  The  mercuric  sulphide,  if  the  residue  is  composed  wholly  of 
this  salt,  is  dissolved  in  aqtui  regia  and  recognised  by  the  subsequent 
reactions  of  m^cury  (§  62) ;  if  there  is  little  mercury  present 
(the  residue  small),  by  ignition  of  the  dried  precipitate  with  anhydrous 
sodium  carbonate,  according  to  §  61.  If  the  precipitate  consists  entirely 
of  sulphur,  it  bums  when  heated  (in  a  porcelain  crucible),  without  leaving 
a  residue. 

§  68.  Ohlorides. — The  solubility  of  the  chlorides  varies 
greatly  in  the  dififerent  metals  of  this  group.  The  chlorides  of 
silver  and  mercurous  mercury  are  absolutely  insoluble  in 
water,  lead  and  cuprous  chlorides  only  slightly  soluble.^  The 
other  chlorides  dissolve  readily  in  water.  We  shall  here 
observe  only  the  insoluble  salts,  their  formation  being  the 
basis  of  the  separation  of  silver,  mercurous  mercury,  and,  to 
a  certain  extent,  of  lead,  from  the  other  metals  of  the  group. 
In  the  course  of  analysis,  the  precipitation  of  these  chlorides 
precedes  (for  the  reason  explained  in  §  57  B)  the  use  of 
hydrogen  sulphide.  Silver  chloride  is  a  white,  curd -like 
precipitate,  which  coagulates  when  shaken  (and  on  exposure 
to  the  light  becomes  violet).  Mercurous  chloride  and  lead 
chloride  are  white,  crystalline  powders.  We  shall  discuss  their 
individual  properties  later  (§§  60  and  61),  and  here  observe 
only  the  conditions  of  their  formation  and  the  reactions  by 
which  they  are  distinguished. 

The  conditions  of  formation, — These  chlorides  are  formed 
chiefly  by  the  precipitation  of  silver,  mercurous,  and  lead 
salts  with  hydrochloric  acid  (more  rarely  with  soluble  chlorides). 
The  precipitation  must  be  made  under  the  following  conditions : 
— ^As  concentrated  hydrochloric  acid  dissolves  silver  and  mer- 
curous chlorides  to  a  certain  degree,  only  the  dilute  acid  must 
be  used  in  the  reaction,  but  it  must  not  be  diluted  with  water 

*  Lead  belongs  to  the  Fourth  Group  of  the  periodic  system  of  elements  and, 
like  tin,  should  form  the  tetrachloride,  PbCl4.  This  compound  has  recently  been 
prepared  by  the  action  of  chlorine  on  lead  chloride,  PbClj.  In  aqueous  solu- 
tions, the  tetrachloride  is  unstable  and  splits  up  into  lead  dichloride  and  chlorine. 
This  behaviour  prevents  the  presence  of  the  tetrachloride  in  the  course  of  usual 
qualitative  analysis. 
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to  such  an  extent  as  to  precipitate  the  bismuth  basic  salts. 
The  completeness  of  the  reaction  must  be  ascertained  by  con- 
firmatory tests.  The  precipitate  is  washed  with  cold  water 
and  subjected  to  the  following  tests : — 

The  behaviour  of  these  chlorides  to  water  and  ammonia  is 
employed  in  qualitative  tests  for  the  metals  which  they  con- 
tain. Lead  chloride,  if  present  with  the  other  chlorides,  is 
detected  by  boiling  with  water.  This  salt  is  fairly  soluble  in 
boiling  water  (less  so  in  the  presence  of  free  hydrochloric 
acid).  The  lead  is  completely  dissolved  after  being  boiled  for 
some  time  with  fresh  water,  and  may  readily  be  found  in  the 
filtered  solution  (by  sulphuric  acid  or  hydrogen  sulphide,  §  66) ; 
for  this  test  the  first  part  of  the  filtrate  should  be  used,  or,  if 
the  small  amount  of  lead  renders  such  a  course  necessary,  the 
solution  may  be  concentrated  by  evaporation. 

To  separate  the  silver  chloride  from  that  of  mercury,  the 
precipitate  is  digested  on  the  JUter  with  small  quantities  of 
ammonia,  until  the  filtrate,  after  acidulation  with  nitric  acid, 
deposits  no  more  silver  chloride.  If  mercurous  compounds 
were  present  they  remain  on  the  filter  as  a  black  residue  (see 
below).  The  separation  io  inexact,  and  the  residue  may 
contain  either  a  part  or  even  all  of  the  silver  chloride, 
according  to  the  prevailing  conditions :  on  protracted  digestion 
with  an  excess  of  ammonia,  the  whole  of  the  silver  will  be 
retained.  If  the  filtrate  shows  no  trace  of  silver,  the  black 
residue  must  be  treated  with  concentrated  nitric  acid  and  the 
silver  detected  by  precipitating  its  chloride  from  this  solution. 

The  theory  of  this  reaction  is  as  follows :  ammonia  instantly  converts 
mercurous  chloride  to  the  mercuric  compound,  NHggCl .  NH^Cl,  with 
separation  of  metallic  mercury  : 

4HgCl  +  4NH3 = NHgaCl .  ^H^Ci  +  Hgj + 2NH4Ca. 

The  free  mercury  displaces  the  silver  from  its  chloride : 

Hg+Aga=HgCl  +  Ag. 

In  the  treatment  of  the  chlorides  upon  the  filter  about  1  '5  per  cent  of 
the  silver  is  left  undissolved  ;  if  the  two  metals  are  present  in  equivalent 
quantities,  however,  prolonged  action  of  ammonia  converts  the  silver 
chloride  completely  to  metallic  silver,  and  the  white  precipitate  becomes 
black  or  grayish  black  : 

2HgCl  +  2AgCl  +  4NH, = NHgaCl .  NH^CT  +  2  Ag + 2NH4a 
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§  69.  A.  Cyanides  and  Potassium  Double  Cyanides. — 

Cyanides  corresponding  to  all  the  various  degrees  of  oxidation 
of  the  metals  of  this  group  do  not  exist ;  those  derived  from 
mercurous  or  cupric  oxides  being  unknown.  Of  all  the 
cyanides  of  the  metals  of  Group  IV.  the  mercuric  salt  is  the 
only  one  soluble  in  water:  the  others  form  insoluble  white 
precipitates.  Only  the  cyanides  which  are  the  most  important, 
analytically,  can  be  here  considered,  viz.,  those  which  dissolve 
in  potassium  cyanide  with  formation  of  double  salts.  To  this 
class  belong  the  cyanides  of  silver,  copper,  cadmium,  and 
mercury;  lead  and  bismuth  cyanides  form  no  double  com- 
pounds with  potassium  cyanide,  and  are  insoluble  in  that 
reagent.  The  cyanides  of  silver,  copper,  and  cadmium  are 
white  precipitates  which  are  thrown  down  from  the  solutions 
of  these  metals  by  potassium  cyanide.  The  double  salts  with 
potassium  cyanide  are  formed  by  dissolving  cyanides,  oxides, 
carbonates,  chlorides,  and,  in  the  case  of  copper  (characteristic 
of  this  metal),  cupric  sulphide,  in  potassium  cyanide.  The 
soluble  double  salts  thus  formed  have  the  composition: 
SKCy.CuCy,  2KCy.CdCy,,  KCy.AgCy,  2KCy.HgCy2,  re- 
spectively. 

In  qualitative  analysis  (and  also  in  quantitative),  the 
solubility  of  copper  sulphide  in  potassium  cyanide  is  employed 
in  separating  this  metal  from  cadmium.  The  salts  of  the  two 
metals  are  precipitated  by  potassium  cyanide,  and  the  pre- 
cipitate redissolved  in  an  excess  of  the  reagent.  If  hydrogen 
sulphide  be  now  passed  through  the  solution,  yellow  cadmium 
sulphide  will  be  deposited,  while  copper  remains  in  solution ; 
the  latter  can  be  detected  by  decomposition  of  the  cyanides 
with  concentrated  sulphuric  acid  (§  97).  The  difficulties 
which  this  method  involves,  however,  render  the  separation  of 
copper  from  cadmium  by  means  of  sodium  thiosulphate  more 
suitable. 

B.  Ammonia  Double  Compounds. — The  metals  of  Group 
rV.  may  be  divided  into  two  classes,  according  to  their 
ability  of  forming  ammonia  double  compounds.  Mercury, 
silver,  copper,  and  cadmium  form  compounds  of  this  nature ; 
lead  and  bismuth  do  not.  The  compounds  of  mercury  are 
insoluble;  those  of  the  other  metals,  silver,  copper,  and 
cadmium,  are  soluble.     These  salts  are  formed  by  the  action 
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of  ammonia  upon  the  solutions  of  the  metals ;  and  their  com- 
position varies  between  wide  limits.  Either  true  double  salts  of 
these  metals  with  ammonium  salts,  such  as  (NH^)2S0^ .  CuSO^  + 
GH^O,  (^B,^\SO^ .  CdSO^  +  GH^O,  may  be  formed,  or,  when  the 
solution  is  neutral,  the  ammonia  can  unite  directly  with  the 
metallic  salts  to  form  the  so-called  metallo- amines,  e.g., 
CuSO^ .  4NH3  +  HgO,  AgNOg .  2NH8.  The  compounds  of  silver 
and  mercury  are  considered  under  the  special  reactions  of  these 
metals.  Those  of  copper  and  cadmium  may  be  mentioned 
here,  as  they  are  used  in  the  separation  of  these  metals  (§  68). 

ITie  formation  of  ammonia -compounds, — Copper  differs 
from  cadmium  in  the  manner  in  which  it  forms  these  com- 
pounds. The  copper  compounds  result  from  the  action  of 
either  ammonia  or  ammonium  carbonate ;  those  of  cadmium 
are  formed  through  the  action  of  ammonia  alone.  The  copper 
ammonia-compounds  possess  a  dark  blue  colour  (a  blue  colora- 
tion caused  by  the  action  of  ammonia  is  an  indication  of 
copper);  the  cadmium  compounds  are  colourless.  The  re- 
actions are  used  in  analysis  as  follows: — The  copper  and 
cadmium  solutions  are  mixed  with  ammonia,  the  latter  being 
in  great  enough  excess  to  dissolve  the  precipitate  at  first 
formed.  Potassium  cyanide  is  then  added  until  the  solution 
loses  its  colour  (formation  of  double  cyanides),  and  the  separa- 
tion of  the  two  metals  effected  by  the  precipitation  of  the 
cadmium  as  cadmium  sulphide  with  sulphuretted  hydrogen  (see 
first  part  of  this  paragraph).  The  difference  in  the  behaviour 
of  cadmiimi  and  copper  salts  toward  ammonium  carbonate  is 
not  made  use  of  in  analysis,  as  it  is  inexact. 

Sulphates. — The  insolubility  of  the  sulphates  is  especially 
characteristic  of  lead;  mercurous  sulphate,  which  is  only 
slightly  soluble  in  water,  is,  in  a  measure,  also  important. 
The  other  metals  form  readily  soluble  sulphates.  Lead  can  be 
easily  separated  from  the  remaining  metals  as  its  sulphate ; 
the  properties  of  this  compound  will  be  described  under  Lead. 

The  formation  of  insoluble  basic  salts  by  the  action  of 
water  distinguishes  bismuth  from  all  the  remaining  metals  of 
this  group,  and  affords  a  means  of  separating  bismuth  from 
them ;  it  is  described  under  Bismuth. 
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Special  Reactions 

Silver 

§  60.  Silver  is  white,  of  sp.  gr.  10*57,  fuses  at  954®  C, 
and  distils  at  the  heat  of  the  oxyhydrogen  flame  (the  vapour 
is  violet).  It  dissolves  in  acids  without  evolution  of  hydrogen, 
the  excess  of  acid,  however,  decomposing,  e,g,y  nitric  oxide  is 
generated  from  nitric,  sulphurous   anhydride   from  sulphuric 

acid: 

3Ag  +  4NHO3  =  SAgNOg  +  NO  +  SHgO, 
2  Ag  +  SH^SO^  =  AggSO^  +  SO2  +  2H2O. 

In  coins,  and  also  in  jewelry,  silver  is  alloyed  with  copper. 

Reduction  of  silver  from  its  salts  dy  the  wet  way, — Silver  salts  are 
characterised  cliiefly  by  the  ease  with  which  metallic  silver  is  separated 
from  their  solutions.  Silver  is  deposited  from  the  solutions  of  a  majority 
of  its  salts  by  the  action  of  light,  and  even  crystallised  and  insoluble 
salts  become  violet  from  the  metallic  deposit  when  exposed  to  the  light 
The  silver  salts  of  readily  oxidisable  acids,  such  as  the  phosphite  and 
sulphite,  precipitate  metallic  silver  in  the  experiments  made  for  their 
preparation,  the  acids  becoming  oxidised  to  phosphoric  or  sulphuric 
acids: 

Ag2S08  +  HaO = 2Ag + HaSO^ , 
AgaHPOs  +  HaO  =  2Ag + B^FO^. 

Potassium  sulphite  throws  down  from  silver  solutions  a  precipitate 
which  is  at  first  white^  but  quickly  blackened  by  the  silver  deposited. 
Substances  which  are  capable  of  conversion  to  a  higher  degree  of  oxida- 
tion, such  as  ferrous  salts,  likewise  reduce  silver  from  its  compounds : 
ferrous  sulphate  readily  throws  down,  from  hot  solutions,  a  gray  pre- 
cipitate of  metallic  silver,  the  iron  salt  being  converted  to  ferric  siQphate  : 

3  AgNOj + 3FeS04 = 3Ag + FeaCSOJj + Fe(N08)3. 

If  the  reaction  is  effected  in  presence  of  citric  acid  under  certain 
conditions,  a  pink  solution  of  colloidal  silver  is  obtained  (Carey  Lea). 

Silver  may  also  be  reduced  in  alkaline  solution,  for  instance  by 
antimonious  acid,  which  is  itself  converted  in  the  reaction  to  antimonic 
acid  (§  76). 

Ammonia'compounds. — The  silver  salts  used  in  analyses, 
with  the  exception  of  a  few,  such  as  the  iodide  and  sulphide, 
are  readily  soluble  in  ammonia.  This  is  a  marked  characteristic 
of  silver  salts.  The  ammoniacal  solution  may  contain,  according 
to  the  conditions  present,  either  ammonium  double  salts  or  the 
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so-called  metallo-amines.  Ammonia  produces  no  precipitate  in 
acid  solutions,  since  an  ammonium  double  salt  is  immediately 
formed: 

AgNGj  +  HNO3  +  NH3  =  AgNOg .  NH^CNOg). 

In  neutral  solutions  a  precipitate  is  at  first  caused,  but  this 
dissolves  readily  in  an  excess  of  ammonia,  and  a  metallo-amine 
e,g,y  AgNOg .  2NH3,  is  obtained. 

Reactions  of  Silver  Salts. — Silver  chloride, — Hydrochloric 
acid  and  soluble  chlorides  give  with  silver  salts  a  white, 
amorphous  precipitate  of  silver  chloride.  The  precipitate 
becomes  curdy  on  being  shaken,  and  turns  violet  when  allowed 
to  stand  under  exposure  to  light.  In  very  dilute  solutions  of 
silver  salts  hydrochloric  acid  causes  at  first  only  a  turbidity, 
and  the  chloride  is  deposited  gradually.  In  reactions  in  which 
this  precipitate  is  to  be  obtained,  only  dilute  hydrochloric  acid 
can  be  employed,  as  the  salt  is  somewhat  soluble  in  an  excess 
of  hydrochloric  acid ;  it  is  reprecipitated  from  such  a  solution, 
however,  by  the  addition  of  water.  The  important  character- 
istics of  this  salt  which  must  be  mentioned  are  its  insolubility 
in  dilute  nitric  acid  and  solubility  in  ammonia.  Nitric  acid 
reprecipitates  the  salt  from  its  ammoniacal  solution.  The 
insolubility  of  silver  chloride  in  water  renders  the  separation 
of  this  metal  from  nearly  all  others  possible.  The  application 
of  this  property  in  analysis  is  explained  in  §  58. 

Silver  chloride  is  the  most  important  of  all  the  silver 
compounds.  As  in  the  separation  of  silver  all  of  the  above 
characteristics  can  be  observed  in  the  course  of  the  experiment, 
further  confirmatory  tests  are  unnecessary. 

The  silver  compounds  described  below,  while  important, 
are  seldom  used  for  the  detection  of  silver.  They  are  expedient 
for  that  of  the  respective  acids,  however,  and  will  be  more  fully 
considered  under  the  latter  head. 

BHver  bromide  is  thrown  down  by  potassium  bromide  (or  hydrobromic 
acid)  as  a  pale  yellow  precipitate.  It  is  insoluble  in  water  or  nitric  acid, 
stable  on  exposure  to  the  light,  and  difficultly  soluble  (less  readily  than 
silver  chloride)  in  ammonia. 

Silver  iodide  is  thrown  down  by  potassiimi  iodide  as  a 
yellow  precipitate;  it  is  stable  in  the  light  and  practically 
insoluble  in  nitric  acid  and  ammonia. 
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Silver  cyanide,  AgCj,  is  a  white  precipitate  obtained  by  the 
action  of  potassium  cyanide.  It  is  insoluble  in  nitric  acid,  but 
dissolves  in  ammonia  and  potassium  cyanide  with  formation  of 
a  double  salt  (§59  A). 

Silver  chramate  and  phosphate  are  obtained  by  precipitation 
with  potassium  chromate  or  sodium  phosphate.  Silver  chromate 
is  red-brown,  the  phosphate  pale  yellow.  Both  salts  are  easily 
soluble  in  either  ammonia  or  nitric  acid  (§§  33  and  50). 

The  following  compounds  are  less  characteristic : — 

Silver  sulphide,  AggS  (§  57). — Ammonium  sulphide  and 
hydrogen  sulphide  precipitate  black,  amorphous  silver  sulphide, 
insoluble  in  ammonia  and  dilute  acids  (and  also  in  ammonium 
sulphide,  potassium  sulphide,  potassium  cyanide),  but  readily 
soluble  in  nitric  acid. 

Silver  oxide,  AggO  (the  hydroxide  does  not  exist),  is  gray-brown,  and 
obtained  by  the  action  of  alkalies  (in  excess  of  which  it  is  insoluble)  and 
ammonia.  An  excess  of  the  latter  dissolves  it,  and  produces  no  precipitate 
in  acid  solutions. 

Silver  carbonate,  AggCOg,  is  thrown  down  as  a  white  precipitate  by 
sodium  carbonate.  It  is  insoluble  in  excess  of  the  reagent,  but  dissolves 
in  ammonia. 

Mercury 

§  61.  Mercury  is  distinguished  from  all  other  metals  by 
its  physical  characteristics.  It  is  a  liquid  at  the  ordinary 
temperature  (solidifies  at  39°  C),  and  is  easily  converted  into 
vapour  by  heat  (it  has  the  boiling-point  360°  C.)  Though 
insoluble  in  hydrochloric,  it  is  dissolved  by  nitric  and  sulphuric 
acids;  the  reaction  is  not  accompanied  by  the  evolution  of 
hydrogen : 

3Hg  +  SHNOg  =  3Hg(N03)2  +  2N0  +  4H2O, 
Hg  +  2SH2O4  =  HgSO^  +  SO2  +  SHgO. 

The  solution  in  acids  may  result,  according  to  the  condition 
present,  in  the  formation  of  either  mercurous  or  mercuric  salts. 
Mercury  unites  with  many  other  metals  to  form  the  so-called 
amalgams.  The  amalgams  of  the  alkali  metals  decompose 
water  at  the  ordinary  temperature ;  those  of  the  other  metals 
show  toward  acids  the  same  behaviour  as  mercury  itself 

ITie  separation  of  mercury  from  its  salts  (both  mercurous 
and  mercuric)  is  a  general  reeiction  for  all  mercury  compounds. 
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Although  ignition  decomposes  the  majority  of  the  compounds, 
with  volatilisation  of  the  metal,  reduction  simply  by  ignition 
will  not  suffice,  if  the  characteristic  globular  form  of  the  fluid 
metal  is  to  be  examined  as  well  as  its  volatility.  Mercury 
may  also  be  easily  precipitated  from  its  compounds  and  detected 
by  wet  methods. 

1.  If  a  mixture  of  a  diy  mercury  salt  and  anhydrous 
sodium  carbonate  be  heated  in  a  glass  tube  sealed  at  one  end, 
metallic  mercury  will  separate,  volatilise,  and  condense  on 
the  cold  sides  of  the  tube  above  the  heated  spot.  When  small 
quantities  of  mercury  are  present,  a  metallic  mirror  will  be 
formed ;  greater  amounts  produce  not  only  the  mirror,  but 
metallic  globules.  To  make  the  experiment  successfully,  the 
substances  must  be  thoroughly  dried;  the  reaction  is  less 
plainly  observed  if  performed  with  mercury  compounds  which 
volatilise  without  decomposition  (mercuric  chloride,  etc.) 

2.  If  a  drop  of  the  (neutral  or  slightly  acid)  solution  of  a 
mercury  salt  be  poured  upon  a  smooth  piece  of  copper  foil,  a 
metallic  spot  is  obtained  (precipitation  of  mercury).  If  the 
foil  be  heated,  the  mercury  will  volatilise  and  the  spot  vanish. 
The  following  reaction  is  more  important : — 

3.  Mercurous  salts,  when  acted  upon  by  an  excess  of 
stannous  chloride,  deposit  a  gray  powder  of  metallic  mercury  : 

2Hga  +  SnClj2  =  SnCl^  +  2Hg. 

Mercuric  solutions  give,  with  stannous  chloride  in  presence  of 
hydrochloric  acid  (if  the  precipitant  be  in  only  a  slight  excess), 
a  precipitate  of  mercurous  chloride : 

2HgCl2  +  SnClg  =  2HgCl  +  SnCQ^. 

The  further  addition  of  stannous  chloride  will  then  cause  the 
separation  of  mercury,  as  above. 

MercuroTis  salts. — Mercurous  nitrate,  HgNO^,  from  which 
almost  all  mercurous  compounds  are  obtainable,  is  prepared  by 
the  action  of  nitric  acid  upon  an  excess  of  metallic  mercury  in 
the  cold.  The  methods  of  preparing  mercurous  salts  which 
rest  upon  the  reduction  of  mercuric  compounds,  are  more  rarely 
used.  The  mercurous  salts,  on  the  other  hand,  may  be  easily 
converted  to  the  mercuric  state.  In  this  transition  half  of  the 
mercurous  salt  becomes  mercuric,  the  other  half  is  reduced  to 
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metallic  mercury ;  such  a  decomposition  may  be  caused  by 
the  action  of  a  high  temperature,  or  even  of  boiling  water. 
Certain  compounds,  such  as  mercurous  oxide  and  iodide, 
undergo  this  change  with  extreme  ease : 

2HgI=:Hgl2  +  Hg. 

When  heated  with  nitric  acid  or  subjected  to  the  action  of 
chlorine,  the  mercurous  salts  are  converted  to  the  higher  com- 
pounds without  the  separation  of  metallic  mercury. 

2Hga  +  Cl2  =  2Hgao. 

A  few  salts  in  the  series  of  mercurous  compounds,  e.g.^  the 
cyanide,  HgCN,  and  sulphide,  Hg^S,  are  too  imstable  to  exist. 
Efforts  to  prepare  them  result  in  the  formation  of  the  mercuric 
salts,  Hg(CN)2  and  HgS,  and  separation  of  the  metal  The 
existence  of  mercurous  oxide  is  disputed. 

Reactions  of  Mercorons  Salts. — Mercurous  oxide  (the 
hydroxide  is  unknown). — Caustic  alkalies  produce  a  precipitate 
of  mercurous  oxide,  or,  perhaps,  of  a  mixture  of  mercuric  oxide 
and  metallic  mercury. 

Metallo' amines, — Ammonia  forms  with  mercurous  salts 
(soluble  and  insoluble)  insoluble  amines  which  are  remarkable 
for  their  black  colour.  The  following  equations  explain  the 
formation  and  constitution  of  these  compounds : 

2Hga  +  2NH3  =  (NH2Hg2)a  +  NH^Cl, 
SHgNOg  +  2NH3  =  (NH2Hg2)N03  +  (NH^)N03. 

These  amines  are  extremely  unstable.  The  first  parts  with  its 
anmionia,  even  in  the  air,  with  reformation  of  mercurous 
chloride,  and  the  second  is  very  easily  decomposed  by  an 
excess  of  ammonia,  mercury  being  deposited  and  the  mercuric 
salt  obtained. 

Mercurous  chloride,  HgCl. — Hydrochloric  acid  and  soluble 
chlorides  cause  in  mercurous  solutions  a  white,  crystalline  pre- 
cipitate of  mercurous  chloride.  The  compound  is  insoluble  in 
water  or  dilute  mineral  acids.  When  boiled  with  nitric  acid 
or  aqv/i  regia  it  is  converted  to  mercuric  chloride  (goes  into 
solution).  Hydrochloric  acid  has  the  same  action,  but  mercury 
separates  during  the  operation.      If  mercurous  chloride  be 
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digested  with  ammonia  it  turns  black  (see  above).  The  use  of 
this  salt  for  the  separation  of  mercurous  mercury  is  explained 
in  §  58.  As  most  of  the  marked  characteristics  of  the  salt 
are  employed  in  the  separation,  further  confirmatory  tests  are 
superfluous. 

Mercfiircms  svlphidcy  HggS,  is  unknown.  Hydrogen  sulphide 
throws  down  from  mercurous  solutions  a  black  precipitate 
which  contains  a  mixture  of  metallic  mercury  and  mercuric 
sulphide. 

As  this  precipitate  is  employed  in  qualitative  tests  for  mercury,  its 
characteristics  must  be  more  closely  studied.  When  boiled  with  nitric 
acid  it  passes  into  a  white  compound  which  is  insoluble  in  nitric  acid,  and  has 
the  composition  2HgS.  Hg(N03)2.  The  sulphide  dissolves  in  aqua  regia, 
with  formation  of  mercuric  chloride.  Metallic  mercury,  if  contained  in  the 
precipitate,  is  converted  to  the  sulphide  by  the  action  of  ammonium  polysul- 
phide,  or  the  polysulphides  of  the  alkalies  (mercury  unites  directly  with 
sulphur).  If,  during  the  analysis,  mercurous  compounds  have  been  pre- 
cipitated by  hydrogen  sulphide,  mercurous  mercury  cannot  be  detected 
after  treatment  of  the  precipitate  with  ammonium  sulphide  (since  the 
sulphide  obtained  is  a  mercuric  salt).  When  mercurous  solutions  are 
acted  upon  by  ammonium  sulphide,  the  precipitate  may  or  may  not  con- 
tain metallic  mercury,  this  depending  upon  the  excess  of  the  reagent,  and 
also  upon  its  composition  ;  no  metallic  mercury  is  found  when  ammonium 
polysiQphide  is  in  excess,  or  the  solution  warmed  during  the  experiment 
The  remaining  properties  of  the  precipitate,  which  are  found  in  the 
characteristics  of  HgS,  are  explained  under  the  mercuric  salts.  It  follows 
from  these  remarks  that  in  the  systematic  course  of  analysis  mercurous 
compounds  must  be  separated  from  solution  before  the  precipitation  with 
hydrogen  sulphide.  Otherwise  the  mercury  will  not  be  completely 
removed  as  mercuric  sulphide  (§57  B).  Mercurous  salts  are  separated  by 
precipitation  with  hydrochloric  acid. 

Mercurous  iodide,  Hgl,  and  chromate,  HggCrO^,  are  charac- 
teristic compounds.  The  iodide  is  obtained  as  a  greenish  pre- 
cipitate by  the  action  of  potassium  iodide.  It  passes  easily 
into  the  mercuric  salt  (mercury  separates  and  the  precipitate 
becomes  gray).  The  chromate  is  precipitated  from  mercurous 
salts  by  potassium  chromate.     It  is  brick-red  (§  33). 

Mercurous  sulplmtc,  Hg^SO^,  is  difiScultly  soluble  in  water. 
It  is  thrown  down  as  a  white,  crystalline  precipitate  by  either 
sulphuric  acid  or  a  soluble  sulphate. 

The  characteristic  reactions  in  which  metallic  mercury  is 
deposited  from  mercurous  salts  have  already  been  described. 
Its  behaviour  in  this  regard  (especially  with  stannous  chloride), 
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together  with  the  formation  of  insoluble  mercurous  chloride, 
sulphate,  and  the  black  metallo- amine,  constitute  the  chief 
reactions  of  mercurous  mercury. 

§  62.  Mercuric  salts. — Of  this  class  of  salts  mercuric  chloride 
(corrosive  sublimate)  may  be  considered  the  type.  Its  solubility 
in  water  is  especially  important,  as  it  distinguishes  mercuric 
from  mercurous  compounds.  The  nitrate  is  formed  by  the 
action  of  an  excess  of  hot  nitric  acid  upon  metallic  mercury. 
The  mercuric  salts,  moreover,  are  easily  formed,  as  we  have 
observed,  from  the  corresponding  mercurous  compounds.  The 
majority  of  the  salts  decompose  at  a  high  temperature. 
Mercuric  chloride,  bromide,  and  iodide,  however,  volatilise  with- 
out decomposition  on  being  heated  (the  chloride  even  when  its 
solution  is  boiled).  Eeducing  agents  convert  mercuric  salts  to 
the  mercurous  state.  One  of  these  reduction  reactions,  that  of 
stannous  chloride,  has  already  been  discussed. 

Reactions  of  Mercuric  Salts. — Mercuric  salts  are  charac- 
terised by  the  solubility  of  the  chloride  and  the  white  colour  of 
the  metallo-amines. 

Mercuric  oxide  (no  hydroxide  exists). — Potassium  hydroxide 
throws  down  from  mercuric  solutions  a  brown  precipitate,  con- 
sisting of  basic  salts,  which  on  further  addition  of  the  reagent 
are  converted  into  the  yellow  oxide  (insoluble  in  caustic 
potash).  Precipitation  from  acid  solution  is  incomplete.  In 
presence  of  ammonium  salts  a  white  precipitate  of  mercuric 
amines  is  obtained  (see  below). 

Mercuric  amines. — Ammonia  and  ammonium  carbonate 
throw  down  white  insoluble  metallo-amines,  which  are  dis- 
tinguished from  the  corresponding  mercurous  compounds  by 
their  white  colour.  The  composition  of  these  compounds  is 
shown  in  the  following  equations : 

HgCl^  +  2NH3  =  (NH2Hg)Cl  +  NH^Ca, 
Hg(N03)2  +  2NH3  =  (NH2Hg)N03  +  (NHjNOg. 

Mercuric  sulphide,  HgS. — Hydrogen  sulphide  throws  down 
a  precipitate  which  is  at  first  white,  but  passes  gradually 
through  the  shades  of  yellow,  orange,  and  brown,  and  soon 
becomes  black.  The  double  compound,  HgClg .  2HgS  or 
Hg(N03)2 .  2  HgS,  which  is  white,  is  at  first  formed,  and  this  is 
converted  by  the  further  action  of  sulphuretted  hydrogen  or 
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ammonium  sulphide  into  black  mercuric  sulphide.  The  com- 
plete precipitation  of  mercuric  sulphide  from  an  acid  solution 
can  be  effected  only  when  the  latter  is  highly  diluted  with 
water.  The  sulphide  is  insoluble  in  nitric  acid,  even  at  its 
boiling  temperature  (characteristic  test  for  mercury),  but  dis- 
solves in  hot  aqua  regia.  It  is  also  somewhat  soluble  in 
potassium  and  sodium  sulphides,  in  presence  of  caustic  alkalies 
(does  not  dissolve  in  ammonium  sulphide).  It  does  not  under- 
go oxidation  on  exposure  to  the  air.  The  use  of  mercuric 
sulphide  in  analysis,  and  also  some  special  points  concerning 
the  precipitation  with  hydrogen  sulphide  and  the  action  of 
nitric  acid,  are  given  in  §§  57  and  61. 

Mercuric  iodide,  Hgl^. — Potassium  iodide  throws  down  a 
red  precipitate  of  mercuric  iodide,  which  dissolves  readily  in  an 
excess  of  the  precipitant,  with  formation  of  the  double  salt. 

The  precipitation  of  metallic  mercury  from  mercuric  com- 
pounds is  also  a  characteristic  reaction.  It  is  described  in 
§  61.  The  reaction  with  stannous  chloride  is  to  be  especially 
noticed. 

Mercuric  and  m^rcurous  compotinds,  when  occurring  together, 
are  easily  distinguished  by  the  difference  between  the  two 
chlorides,  HgCl  and  HgClg.  Hydrochloric  acid  precipitates 
mercurous  salts,  but  has  no  action  on  mercuric  compounds. 

Copper 

§  63.  Copper  possesses  a  peculiar  red  colour,  has  the  sp.  gr. 
8*8,  and  fuses  at  about  1150°  C.  It  forms  alloys  with  various 
metals.  It  is  easily  soluble  in  nitric  acid,  less  so  in  sulphuric, 
and  is  almost  insoluble  in  hydrochloric  £icid.  When  acted  upon 
by  acids  it  does  not  liberate  hydrogen  (except  with  hydriodic 
acid).  The  salts  formed  are  of  the  cupric  variety.  The  cuprous 
salts  are  prepared  by  reduction  of  cupric  compounds :  the 
reduction  may  also  be  carried  further,  and  the  tetrantoxide 
obtained. 

The  most  important  alloys  of  copper  are  bronze  (copper 
and  tin),  brass  (copper  and  zinc),  and  Grerman  silver  (§  46). 
These  behave  toward  acids  like  copper  itself  Their  analysis 
is  explained  among  the  examples  of  quantitative  analysis. 

L 
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Separation  of  copper  from  its  compounds. — When  subjected  to  the  action 
of  anhydrous  sodium  carbonate  and  carbon  at  a  sufficiently  high  tempera- 
ture (in  the  reduction-flame),  copper  compounds  undergo  reduction.  The 
experiment  must  be  made  upon  a  charcoal  stick  by  means  of  the  blow- 
pipe.^ If  the  fusion  product  be  powdered  in  an  agate  mortar  and  the 
carbon  then  removed,  small  flakes  of  metallic  copper  will  be  left  behind. 
The  reduction  is  more  easily  and  simply  accomplished  by  means  of  the 
galvanic  current  If  a  piece  of  zinc  be  introduced  into  a  platinum  dish 
which  contains  a  copper  solution  acidified  with  hydrochloric  acid,  the 
current  generated  by  the  platinum  and  zinc  speedily  causes  metallic 
copper  to  be  deposited.  Many  metals,  such  as  iron,  zinc,  etc,  reduce 
copper  from  the  acid  solutions  of  its  compounds.  These  reactions  are 
rarely  employed  in  qualitative  analysis,  as  there  are  several  of  greater 
delicacy. 

Copper  tetrantozide,  Cu^O,  is  obtained  when  cupric  salts  (in 
alkaline  solution)  are  reduced  by  stannous  oxide  dissolved  in  potassium 
hydroxide  (Rose) : 

4CUSO4  -H  3SnO  -H 14K0H = CU4O  -H  SKaSnOj + iK^O^  +  7HaO. 

Copper  tetrantoxide  is  a  green  powder  which  quickly  oxidises  to 
cupric  oxide.  Corresponding  salts  are  unknown ;  when  acted  upon  by 
acids,  metallic  copper  separates  and  cupric  salts  are  formed.  Copper  tetrant- 
oxide is  distinguished  from  all  the  other  oxides  in  giving  no  double 
compounds  with  ammonia. 

Cuprmcs  salts, — Cuprous  oxide,  Cu^O,  and  its  compounds 
are  formed  by  the  reduction  of  cupric  salts.  The  anhydrous 
cuprous  oxide  (which  is  found  native,  as  red  copper  ore)  is  a 
red,  crystalline  powder,  obtained  by  the  reduction  of  cupric 
salts.  In  order  to  study  the  reactions  of  cuprous  salts,  the 
oxide  may  be  most  readily  prepared  by  the  following  method : — 
Tartaric  acid  is  saturated  with  an  excess  of  caustic  soda,  and  a 
solution  of  copper  sulphate  added  in  small  portions  until  the 
cupric  hydroxide,  which  is  at  first  precipitated,  redissolves  to  a 
blue  colour  on  shaking.  If  a  solution  of  grape  sugar  be  slowly 
added  to  this  mixture  while  boiling,  cuprous  oxide  is  deposited. 
Few  cuprous  salts  are  known.  When  the  oxide  is  acted  upon 
by  sulphuric  acid,  cupric  salts  are  formed  and  metallic  copper 
separates ;  nitric  acid  yields  the  cupric  salt  directly.  Hydro- 
chloric acid  dissolves  cuprous  oxide  without  decomposing  it, 
and  a  solution  of  cuprous  chloride  in  hydrochloric  acid  is  thus 
obtained.  Water  produces  in  this  solution  a  difficultly  soluble 
white  precipitate  of  CuCL  The  remaining  cuprous  compounds 
are  prepared  from  the  hydrochloric  acid  solution  of  cuprous 

^  Conceniing  the  blow-pipe,  see  Section  III.  Supplement. 
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chloride.  They  are  usually  unstable,  absorbing  oxygen  from 
the  air  and  passing  into  the  cupric  state.  Chlorine  and  nitric 
acid  also  convert  them  to  cupric  compounds.  The  fact  is 
worthy  of  notice  that  certain  copper  compounds  are  known 
only  in  the  cuprous  state ;  Cul,  CuCy,  CuCyS,  for  instance,  are 
salts  which  have  no  analogues  in  the  cupric  series.  These 
salts  are  described  among  the  compounds  of  cupric  oxide,  of 
which  their  formation  is  very  characteristic. 

Reactions  of  Ouproas  Salts. — The  reactions  of  cuprous 
oxide,  or,  more  correctly,  of  the  hydrochloric  acid  solution  of 
its  chloride,  are  as  follows : — 

Cuprous  hydroocide,  Cu(OH),  is  thrown  down  by  caustic 
alkalies  and  their  carbonates  as  a  yellow  precipitate,  which 
quickly  undergoes  oxidation. 

The  ammonia  compound,  CuCl .  NH^,  results  from  the  action 
of  ammonia  or  ammonium  carbonate.  It  dissolves  in  water  to 
a  colourless  fluid  (distinction  from  cupric  compounds).  A 
perfectly  colourless  solution  can  be  prepared  only  with  difficulty, 
and  when  the  solutions  used  have  been  previously  boiled,  to 
expel  the  oxygen  absorbed  from  the  air.  The  solution  becomes 
blue  on  exposure  to  the  air,  as  it  takes  up  oxygen  and  passes 
into  a  cupric  ammonia  compound. 

Cuprous  sulphide,  Cu^S. — The  hydrate  is  thrown  down  as 
a  black  precipitate  by  hydrogen  sulphide. 

Cuprous  iodide,  cyanide,  and  sulphocyanate  must  also  be 
mentioned.  These  salts  are  obtained  as  white  precipitates  by 
the  action  of  the  corresponding  potassium  salts.  They  will  be 
discussed  under  cupric  oxide.^ 

§  64.  Cupric  salts, —  Cupric  salts  are  obtained  when 
metallic  copper  is  dissolved  in  acids.  Their  formation  results 
according  to  the  equations  given  under  Mercury.  Cupric 
chloride  is  prepared  by  the  action  of  a^ca  regia  upon  metallic 
copper.  The  solutions  of  cupric  salts  are  blue  or  green,  and 
the  salts  which  contain  water  of  crystallisation  have  the  same 
colours. 

Reactioxis  of  Oupric  Salts. — Cupric  oxide, — Caustic  soda 
throws  down  from  cupric  salts  the  voluminous  blue  hydroxide, 
Cu(0H)2.     If  this  be  warmed  while  suspended  in  the  mother- 

^  As  cnprous  compounds  are  very  rarely  met  with  in  analysis,  we  shall  not 
consider  them  in  the  systematic  course. 
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liquid  it  becomes  blaxjk,  being  converted  to  the  hydroxide, 
3CuO .  HgO.  The  latter  compound  is  obtained  directly  if  the 
reaction  be  made  in  a  hot  solution.  The  presence  of  ammonium 
salts  influences  the  reaction  (see  below).  When  a  sufficient 
quantity  of  tartaric  acid  is  present  (or  in  the  presence  of  other 
non- volatile  acids,  arsenious  acid,  or  chloroform)  caustic  alkalies 
impart  a  blue  colour  to  the  solutions  of  cupric  salts. 

Copper  sulphide,  Cu^Sg  =  2CuS .  Cu^S  (§  57). — Sulphuretted 
hydrogen  and  ammonium  sulphide  precipitate  the  black  copper 
sulphide,  which  oxidises  on  exposure  to  the  air.  When  boiled 
with  a  cupric  solution  slightly  acidified  by  hydrochloric  acid, 
sodium  thiosulphate  also  throws  down  cupric  sulphide  (applica- 
tion in  analysis,  §  57).  Cupric  sulphide  is  soluble  in  potassium 
cyanide  (slightly  so  in  anmionium  sulphide)  and  in  concentrated 
acids.  Acid  solutions  of  copper  salts  must  therefore  be  diluted 
with  water  before  precipitation  with  hydrogen  sulphide. 

If,  in  the  systematic  course  of  analysis,  the  copper  has  been  separated 
as  sulphide  by  means  of  sodium  thiosulphate,  the  precipitate  must  be  dis- 
solved in  aqua  regia  and  this  solution  subjected  to  confirmatory  tests  ;  in 
these  the  following  reactions  with  ammonia  and  with  potassium  ferro- 
cyanide  (in  slightly  acid  solution)  are  tq  be  employed. 

Cupric  carbonate,  —  The  basic  salt,  CuCOg .  Cu(0H)2,  is 
thrown  down  as  a  blue  precipitate  by  sodium  carbonate,  and  is 
converted  to  the  black  hydroxide  by  boiling.  The  reaction 
with  alkali  carbonates  is  influenced  by  the  presence  of 
ammonium  salts  (see  below). 

Metallo-amines  (§  59). — ^Ammonia  and  ammonium  carbon- 
ate throw  down  a  sky-blue  precipitate  of  a  basic  cupric 
salt ;  this  dissolves  readily  in  an  excess  of  the  reagent  to  an 
ammonia  compound,  which  gives  the  solution  a  dark  blue 
colour.  Copper  sulphate  forms  the  salt,  CuSO^ .  4NHg .  HgO  ; 
copper  chloride,  CuCl^ .  4NH3 .  H^O.  If  £icids  are  present, 
the  addition  of  ammonia  causes  the  blue  colour  to  appear 
immediately.  When  mere  traces  of  copper  are  to  be  detected, 
this  reaction  may  be  made  more  delicate  if  the  solution  to  be 
examined  be  added  drop  by  drop  to  the  ammonia,  in  a  test-tube 
resting  on  a  piece  of  white  paper.  Each  drop  of  a  solution 
containing  copper  produces  a  blue  cloud  in  the  ammonia. 
This  reaction,  however,  is  not  very  delicate.  The  ammonia 
double  compounds  are  easily  decomposed  by  alkalies ;    when 
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boiled  with  the  latter,  black  cupric  hydroxide  is  deposited. 
Potassium  cyanide  renders  the  blue  solution  colourless  (forma- 
tion of  double  cyanides). 

Cupric  ferrocyanide,  Cu2(FeCyg). — Potassium  ferrocyanide, 
K^(FeCyg),  is  a  delicate  and  characteristic  reagent  for  copper, 
producing  in  cupric  solutions  a  red-brown  precipitate  of  cupric 
ferrocyanide.  If  the  solution  be  very  dilute,  only  a  red 
colour  results.  Dilute  acids  do  not  alter  this  compound,  but 
in  contact  with  alkalies  it  undergoes  decomposition.  Potassium 
ferrocyanide  cannot  be  used  to  distinguish  copper  from  the 
other  metals  of  this  gi'oup,  for  they  are  all  precipitated  by  the 
sapie  reagent. 

Ctcprous  cyanide  and  cuprcms  mdphocyanate,  Cu(CyS),  are 
white  precipitates  insoluble  in  dilute  acids,  and  obtained  by 
the  action  of  potassium  cyanide  or  sulphocyanate  upon  cupric 
solutions  in  presence  of  sulphurous  acid.  Cuprous  cyanide 
dissolves  in  potassium  cyanide,  forming  the  double  salt, 
KgCuCy^.  The  same  compound  may  be  prepared  by  dissolving 
cupric  hydroxide,  carbonate,  or  sulphide,  in  potassiimi  cyanide. 
These  reactions  explain  why  copper  sulphide  is  not  precipitated 
from  a  solution  of  KgCuCy^  by  hydrogen  sulphide.  They  are 
employed  in  qualitative  analysis  for  the  separation  of  copper 
from  cadmium  (§  59). 

Flame  coloration, — Copper  salts  (also  metallic  copper  and  its  alloys), 
when  brought  into  the  non-luminous  flame  on  a  platinum  wire,  colour  it 
green.  The  operation  is  most  successfully  performed  with  cupric  chloride, 
and  the  delicacy  of  the  reaction  may  be  heightened  by  previously 
moistening  the  salt  with  hydrochloric  acid.  The  blue  coloration  imparted 
to  the  borax  bead  in  the  outer  flame  (the  bead  is  green  while  hot)  is 
characteristic  of  copper.  When  heated  with  tin  foil  in  the  inner  flame  a 
colourless  bead  ia  obtained,  which  becomes  red  on  cooling  (reduction). 

Cadmium 

§  66.  Cadmium  is  white,  fuses  at  315°  C,  and  boils  at 
about  815°  C.  When  attacked  by  acids,  hydrogen  is  generated 
(distinction  from  the  other  metals  of  this  group).  Nitric  acid 
is  the  best  solvent  for  cadmium.  In  its  chemical  properties 
the  metal  resembles  zinc. 

Reactions  of  Cadmium  Salts. — Cadmium  oxide. — Sodium 
hydroxide  throws  down  from  cadmium  salts  the  white  cadmium 
hydroxide,  Cd(0H)2,  insoluble  in  excess  of  the  precipitant. 
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Cadmium  sulphide  is  yellow  (distinction  from  the  other 
sulphides  of  this  group,  and  characteristic  indication  of 
cadmium).  It  is  obtained  by  the  action  of  hydrogen  sulphide 
or  ammonium  sulphide  upon  the  solutions  of  cadmium  salts, 
and  is  easily  soluble  in  acids.  Before  its  precipitation  from  an 
acid  solution,  therefore,  the  latter  must  be  well  diluted  with 
water.  Cadmium  sulphide  is  insoluble  in  potassium  cyanide 
(distinction  from  copper;  for  application  in  analysis  see  §  59). 

In  analysis,  the  cadmium  is  always  separated  as  its  sulphide.  In  view 
of  the  marked  characteristics  of  this  compound  and  also  of  the  conditions 
under  which  it  is  formed  (usually  from  potassium  cyanide  solution,  if 
copper  be  present),  it  need  not  be  subjected  to  further  confirmatory  tests. 
Cadmium  sulphide,  when  precipitated  by  ammoniimi  sulphide,  passes 
through  the  filter  to  a  slight  extent  while  being  washed. 

The  ammonia  compounds  of  cadmium  are  formed  only  by 
the  action  of  anmionia.  The  latter  produces  in  cadmium  salts  a 
white  precipitate  easily  soluble  in  an  excess  (to  a  colourless 
solution).  These  compounds  do  not  result  from  the  addition 
of  ammonium  carbonate  (distinction  from  copper,  §  59  B). 

Cadmium  carbonate, — ^Ammonium  and  sodium  carbonates 
precipitate  the  white  cadmium  carbonate,  insoluble  in  excess. 
Ammonium  salts  influence  the  precipitation,  and  when  free 
anmionia  is  present  the  reaction  does  not  occur.  The  precipi- 
tate is  soluble  in  potassium  cyanide. 

Cadmium  cyanide, — Cadmium  salts  give  with  potassium 
cyanide  a  white  precipitate,  which  dissolves  readily  in  an 
excess  of  the  reagent  to  the  double  salt,  KgCdCy^.  Hydrogen 
sulphide  precipitates  cadmium  sulphide  from  the  solution  of 
this  salt  (see  Copper,  and  §  59  A). 

Lead 

§  66.  Metallic  lead  is  gray.  It  has  a  specific  gravity  of 
about  11*4,  melts  at  335°  C,  and  boils  at  a  white  heat,  at 
about  1600°  C.  Lead  is  insoluble  in  dilute  sulphuric  and 
hydrochloric  acids,  but  dissolves  in  nitric  acid  with  evolution 
of  nitric  oxide.  We  meet  in  analysis  not  only  the  metal  itself 
but  also  its  alloys,  eg,,  lead  and  antimony  (type-metal)  and 
lead  and  tin  (solder). 

The  salts  corresponding  to  lead  monoxide,  PbO,  are  very 
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stable.  Lead  nitrate,  Pb(N03)2,  is  soluble  in  water,  but 
insoluble  in  concentrated  nitric  acid,  and  therefore  when  lead 
is  dissolved  by  the  concentrated  acid,  a  white,  crystalline 
residue  is  obtained,  which  goes  into  solution  upon  the  addition 
of  water.  Beside  the  monoxide,  which  forms  salts  the  pro- 
perties of  which  will  be  discussed  below,  there  are  several 
other  oxides  of  lead  known :  the  sesquioxide,  Pb^Oj,  minium, 
PbjO^,  and  the  dioxide,  PbOj.  These  oxides  have  no  salts. 
(The  dioxide  unites  with  certain  bases.)  They  behave  to- 
ward acids  as  peroxides,  i«.,  they  liberate  chlorine  from 
hydrochloric  acid,  etc.  They  are  somewhat  more  stable  in 
their  behaviour  toward  nitric  acid ;  this  is  especiaUy  true  of 
lead  dioxide  (see  the  Manganese  compounds,  §  38).  In 
analyses  of  acid  solutions  only  the  salts  of  the  monoxide  can 
be  present,  and  they  alone  will  be  discussed.  The  other 
oxides  are  necessarily  converted  to  these  salts  during  the 
course  of  analysis. 

Reactions  of  Lead  Salts. — The  most  characteristic  salts 
of  lead  are  the  sulphate,  chloride,  and  iodide.  Mention  has 
already  been  made  of  the  inability  of  lead  to  form  soluble 
double  cyanides  and  ammonia-compounds. 

Lead  oxide, — The  alkalies  and  ammonia  precipitate  basic 
salts  from  lead  solutions,  and  these  6u:e  soluble  in  excess  of  the 
alkalies  (but  not  of  ammonia).^  Lead  hydroxide,  Pb(0H)2,  is 
formed  if  the  above  reaction  be  reversed,  i.e.,  if  the  lead 
solution  be  added  to  the  alkali 

Lead  sulphate,  PbSO^,  is  marked  by  its  very  slight 
solubility  in  water.  Sulphuric  acid  and  soluble  sulphates 
throw  down  a  white  precipitate  of  lead  sulphate,  slowly 
when  the  solution  is  dilute,  especially  if  free  acids  be  present. 
The  delicacy  of  the  reaction  is  iDcreased  if  an  excess  of  free 
sulphuric  acid  or  alcohol  be  present  (lead  sulphate  is  less 
soluble  in  dilute  sulphuric  ficid  and  in  alcohol  than  in  water). 
It  dissolves  in  hot  alkalies.  The  solubility  of  lead  sulphate 
in  ammonium  acetate  and  tartrate  (or  in  ammonia  and  acetic 
acid,  or  ammonia  and  tartaric  acid)  is  noticeable.  In  these 
tests  with  ammonium  salts,  solution  is  more  readily  effected 
if  ammonia  be  present  in  slight  excess.     Sulphuretted  hydro- 

^  The  majority  of  lead  salts  are  soluble  in  caustic  potash.    Lead  sulphide 
forms  an  exception. 
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gen  precipitates  lead  sulphide  from  such  a  solution.  These 
tests  are  employed,  in  the  course  of  analysis,  in  the  investiga- 
tion of  the  residue  left  when  the  sulphides  are  dissolved  in 
nitric  acid  (§57  B).  Lead  sulphate  is  used  in  the  separa- 
tion of  lead  from  all  the  other  metals  except  mercurous 
mercury. 

Lead  chromate,  PbCrO^,  is  obtained  by  the  action  of 
potassium  chromate.  It  is  a  yellow  precipitate,  soluble  in 
potassium  hydroxide  (§  33). 

Itead  carbonate, — The  basic  salt  is  thrown  down  by  sodium 
or  anmionium  carbonate  (completely  in  presence  of  ammonia) 
as  a  white  precipitate,  insoluble  in  potassium  cyanide. 

Lead  sulphide,  PbS  (§  57),  is  a  black  precipitate  obtained 
by  the  action  of  sulphuretted  hydrogen  or  ammonium  sulphide. 
If  a  lead  solution  be  precipitated  by  hydrogen  sulphide  in 
presence  of  hydrochloric  acid,  a  browii  precipitate  is  at  first 
obtained.  This  consists  of  the  salt,  PbClg .  2  PbS,  and  is  con- 
verted by  prolonged  action  of  the  hydrogen  sulphide  into  the 
normal  black  sulphide.  Lead  sulphide  dissolves  easily  in  hot 
nitric  acid;  the  reaction  converts  a  portion  of  it  to  lead 
sulphate,  PbSO^. 

Lead  chloride^  PbClg. — Hydrochloric  acid  and  soluble 
chlorides  throw  down  a  white  precipitate  of  lead  chloride.  It 
is  only  slightly  soluble  in  cold,  easily  soluble  in  boiling 
water  (Application  in  analysis,  v.  §  58). 

Lead  iodide,  Pbl^.  —  Potassium  iodide  precipitates  the 
yellow  lead  iodide.  This  salt  dissolves  in  boiling  acetic  acid, 
and  is  redeposited  in  gold -yellow  flakes  when  the  solution 
cools. 

Bismuth 

§  67.  Bismuth  is  a  white  metal  with  a  reddish  lustre, 
brittle,  easily  fusible  (264°  C),  of  sp.  gr.  9-8.  Nitric  acid 
dissolves  it  easily  (with  evolution  of  nitric  oxide),  but  it  is 
only  slightly  soluble  in  hydrochloric  acid,  and  not  at  all  so  in 
dilute  sulphuric  acid.  Only  one  series  of  bismuth  salts,  that 
corresponding  to  the  sesquioxide,  is  known  to  exist  in  acid 
solution.  Bismuth  resembles  lead  in  that  its  cyanide  does  not 
form  a  soluble  double  salt  with  potassium  cyanide.  In 
addition   to  the  oxide,  Bi^Og,  several  still  higher  degrees  of 
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oxidation  are  known.  Bismuthic  acid  (the  compound  H^Bi20^ 
exists  in  the  free  state)  acts  toward  acids  as  a  peroxide,  t.e., 
it  liberates  chlorine  from  hydrochloric  acid,  being  itself  con- 
verted to  the  bismuth  salt  (it  shows  the  same  behaviour 
toward  sulphuric  acid).  The  lowest  oxide,  bismuthous  oxide, 
BiO,  is  incapable  of  forming  salts,  and  gives  bismuthic  salts 
and  metallic  bismuth  when  treated  with  acids.  In  analyses, 
therefore,  acid  solutions  can  contain  only  the  bismuthic  salts, 
and  the  reactions  of  this  series  alone  require  discussion. 

Reactions  of  Bismuth  Salts. — The  most  important  re- 
actions of  bismuth  salts  are  those  with  water  (both  from  the 
qualitative  and  quantitative  standpoints). 

The  action  of  water  upon  bismuth  salts  results  in  the 
formation  of  insoluble  basic  salts.  The  separated  acid  retains 
a  portion  of  the  salt  in  solution  (or  so-called  acid  salts  are 
formed,  which  ai'e  soluble).  The  more  free  acid  present,  the 
less  complete  is  the  formation  of  the  insoluble  basic  salts.  If 
these  salts,  therefore,  are  to  be  precipitated  in  an  analysis,  the 
free  acid  must  be  previously  removed,  either  by  evaporation  or 
cautious  neutralisation.  It  is  advisable  to  precipitate  the 
basic  chloride  (bismuth  oxychloride)  instead  of  the  nitrate. 
The  nitrate,  Bi(N03)3,  dissolves  in  nitric  acid  without  altera- 
tion. On  the  addition  of  water  (more  or  less,  according  to 
the  quantity  of  free  nitric  acid),  a  white,  curdish  precipitate  is 
formed  (this  often  becomes  crystalline).  One  of  two  com- 
pounds may  result,  the  product  depending  upon  the  amount  of 
water  used. .  The  first  product,  a  crystalline  compound  (magi- 
sterium  bismuthi),  Bi(OH)2N03,  is  converted  by  the  further 
action  of  water  into  the  salt,  (BiO)2(OH)N03.  The  nitric 
acid  set  free  during  the  reaction  retains  a  portion  of  the  salt 
in  solution : 

Bi(N03)3  +  2H2O  =  Bi(0H)2 .  NO3  +  2HNO3, 
2Bi(OH)2N03  =  (BiO)2(OH)N03  +  HNO3  +  HgO. 

Bismuth  chloride  is  completely  precipitated  by  water, 
none  of  the  salt  being  held  back  in  solution : 

BiClg  +  H2O  =  BiOCl  +  2HC1. 

The  bismuth  oxychloride  formed  is  a  white  precipitate 
insoluble  in  water.     As  the  precipitation   is   complete,  this 
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reaction  is  employed  in  both  qualitative  and  quantitative 
analyses.  It  is  in  every  regard  the  most  delicate  test  which 
exists  for  bismuth. 

The  formuIsB  of  the  basic  bismuth  salts  are  derived  from  the 
hydroxide,  Bi(0H)3,  by  the  partial  substitution  of  an  acid  radical  for  one 
or  more  of  the  hydrozyl  groups :  such  a  salt,  for  example,  is  found  in 
the  above  nitrate,  Bi(OH)2(N03).  Bismuth  oxychloride,  and  the  class  of 
salts  in  general  which  contain  the  group  BiO  (bismuthyl),  result  from  the 
abstraction  of  water  from  salts  of  the  formula  first  mentioned  : 

Bi(OH)aa = BiOa + HaO. 

These  are  likewise  basic  salts.  The  more  complicated  nitrate,  (BiO)2(OH) 
(NO3),  is  a  derivation  of  the  anhydro-hydroxide,  (BiO)2(OH)2,  which  stands 
in  the  following  relation  to  the  normal  hydroxide : 

Bi(OH), + Bi(OH), = (OH)Bi<^Bi(OH)  +  2HaO. 

The  salt  under  analysis  is  usually  the  nitrate ;  this  can  be 
converted  to  the  oxychloride  as  follows :  the  solution  is  treated 
with  hydrochloric  acid  or,  better  still,  with  sodium  chloride 
(double  decomposition  ensues,  and  the  nitric  acid  unites  with 
the  sodium) ;  if  water  be  now  added  the  basic  chloride  separates. 
The  reaction  should  be  made  with  a  concentrated  (by  evapora- 
tion) solution,  and,  if  necessary,  the  pi-ecipitation  observed  upon 
a  watch-glass. 

Bismuth  hydroxide, — Caustic  potash  and  anmionia  throw 
down  a  white  precipitate  of  bismuth  hydroxide,  insoluble  in 
excess  of  the  reagents. 

The  (basic)  carbonate,  (BiO\CO^,  is  a  white,  precipitate 
thrown  down  by  sodium  and  ammonium  carbonates.  It  is 
insoluble  in  excess  of  the  precipitant. 

Bismuth  sulphide,  Bi^Sj. — Hydrogen  sulphide  and  am- 
monium sulphide  precipitate  (from  as  dilute  a  solution  as 
possible)  black  bismuth  sulphide ;  it  is  insoluble  in  ammonium 
sulphide,  but  dissolves  readily  in  boiling  nitric  acid. 

The  chromate,  (BiO)2Cr207,  is  thrown  down  by  potassium 
dichromate  as  an  orange-yellow  precipitate.  It  is  soluble  in 
nitric  acid,  but  not  in  caustic  potash. 

Bismuthous  oxide,  BiO,  is  a  black  precipitate  obtained  by 
the  action  of  stannous  chloride  in  alkaline  solution.  The 
reaction  is  delicate  and  characteristic  of  bismuth  (for  the 
conditions  of  the  experiment  see  §  74). 
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SYSTEMATIC  OOIJBSE  OF  ANALYSIS 

§  68.  Metals  of  Group  IV. — The  metals  of  this  group 
show  so  great  a  variation  in  their  properties  that  many 
reactions  may  be  employed  for  their  -detection.  The  similarity 
between  the  different  reactions,  however,  requires  that  they 
be  systematically  arranged,  and  thus  one  metal  after  the  other 
methodically  separated.  We  leave  to  the  student  the  task  of 
seeking  out  the  many  possible  means  of  separation,  but 
reconmiend  the  following  as  the  most  convenient  method : — The 
given  solution  is  precipitated  by  hydrochloric  acid  of  medium 
concentration,  and  the  precipitate  washed.  The  conditions  of 
the  reaction,  the  investigation  of  the  precipitate,  and  the  test 
for  silver,  mercurous  mercury,  and  lead,  are  explained  in  §  58. 
The  solution,  after  being  filtered  and  well  diluted  with  water, 
is  precipitated  by  hydrogen  sulphide  (the  conditions  given  in 
§  57  A  must  be  accurately  observed).  The  thoroughness  of 
the  precipitation  must  be  carefully  ascertained  by  a  confirma- 
tory test.  The  sulphides  of  the  different  metals  are  deposited 
in  succession  and  not  simultaneously,  and  hence,  if  the  pre- 
cipitation be  incomplete,  some  of  the  metals  may  remain  in 
solution.  The  sulphides  are  well  washed  and  then  treated  with 
boiling  nitric  acid  (separation  of,  and  test  for,  mercury).  This 
reaction  may  result  in  the  formation  of  several  compounds,  as 
explained  in  §  57  B.  The  nitric  acid  solution  is  evaporated, 
with  occasional  addition  of  water,  and  lead  removed  from  the 
concentrated  solution  by  means  of  a  small  quantity  of  sulphuric 
acid  (separation  of  lead,  §  66).  Bismuth  hydroxide  is  next 
precipitated  by  ammonia  from  the  solution  obtained  (the 
separation  of  bismuth  is  followed  by  its  solution  in  hydrochloric 
acid  and  subjection  to  the  tests  with  water,  §  67).  The 
anmioniacal  solution  now  contains  the  copper  and  cadmium 
salts.  The  blue  solution  is  rendered  colourless  by  potassium 
cyanide  and  then  precipitated  with  hydrogen  sulphide  (§57  A). 
If  cadmium  is  present  a  yellow  precipitate  of  cadmium  sulphide 
settles  out  (separation  of  Cd).  As  a  confirmatory  test  for 
copper,  sulphuric  acid  is  added  to  the  filtrate  from  the  cadmium 
sulphide,  and  all  the  hydrocyanic  acid  expelled  by  warming ;  a 
solution  of  copper  sulphate  is  thus  obtained.     The  operations 
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must  be  conducted  with  due  circumspection.  The  use  of 
potassium  cyanide  in  the  separation  of  copper  from  cadmium  is 
avoided  in  the  following  method : — The  mercury  having  been 
removed,  the  almost  neutral  solution  is  precipitated  with 
sodium  thiosulphate  while  boiling.  The  precipitate  consists  of 
bismuth  and  copper  sulphides,  which  may  be  dissolved  in  nitric 
acid  and  separated  by  ammonia.  Cadmium  remains  in  the 
first  filtrate  and  is  precipitated  as  cadmium  sulphide  by 
sulphuretted  hydrogen. 

Confirmatory  tests  must  be  made,  not  only  in  the  cases 
mentioned,  but  with  the  final  precipitates  of  each  of  the 
metals. 

Metals  of  Group  IV.  from  Groups  III.,  II,  and  I — The 
separation  of  the  fourth  from  the  preceding  groups  is  effected 
by  the  above  scheme.  The  solution  is  first  acidified  with 
hydrochloric  acid  (if  a  precipitate  appears  it  must  be  examined 
according  to  §  58),  diluted  with  water,  and  the  metals  of  Group 
IV.  thrown  down  by  hydrogen  sulphide  (we  mention  again  the 
necessity  of  observing  the  conditions  given  in  §  57  A,  and  also 
of  ascertaining,  by  a  confirmatory  test,  the  completeness  of  the 
precipitation).  The  precipitate  is  thoroughly  washed  with  water 
and  investigated  according  to  this  paragraph.  The  metals  of 
Groups  I.,  II.,  and  III.  are  found  in  the  filtrate.  The  hydrogen 
sulphide  must  be  expelled  from  the  filtrate  by  boiling,  if  the 
test  for  acids  is  to  be  made  with  ammonia  (comp.  §§51  and  52, 
on  the  detection  of  acids).  If  this  test  is  not  required,  the 
filtrate  may  be  directly  precipitated  by  ammonium  sulphide  (the 
necessary  conditions  being  observed),  and  the  analysis  carried 
out  according  to  the  explanations  in  §  48  and  in  preceding 
paragraphs. 

Supplement  to  Group  IV 


Analysis  of  the  comp<yands  of  the  metals  of  Group  IV, — The  metals  of 
this  group  are  important  not  only  in  their  natural  compounds,  but  also 
because  of  the  numerous  alloys  and  other  artificial  products  in  which  they 
are  found.  Many  of  the  metals  occur  in  nature  in  the  metallic  state 
(bismuth  and  copper ;  more  rarely,  silver  and  mercury).  The  sulphides 
are  the  chief  ores  of  lead  (galena) ;  mercury  (cinnabar) ;  silver  (often  in 
combination  with  antimony  sulphide,  mercuric,  copper,  and  arsenic  sul- 
phides, and  in  gray  copper) ;  and  of  copper  (copper  pyrites).     Galena 
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usually  containB  small  quantities  of  silver.  Greenockite  (cadmium 
sulphide)  is  of  less  importance.  These  compounds  may  be  analysed  by 
various  methods.  Galena  is  usually  converted  to  lead  sulphate  by  nitric 
acid  ;  cinnabar  is  dissolved  in  hydrochloric  or  nitric  acid,  with  addition 
of  potassium  chlorate.  The  analysis  of  gray  copper,  a  very  complicated 
operation  (Section  III.,  Examples),  is  usually  effected  by  treatment  with 
chlorine  (see  quantitative  separation  of  mercury).  Lead  and  copper  are 
also  found  in  nature  as  carbonates  (cerassite,  maJachite).  These  minerals 
are  soluble  in  acids.  Copper  also  occurs  as  cuprous  oxide  (red  copper  ore). 
The  analyses  of  several  alloys  are  explained  among  the  quantitative 
examples  (bronze,  brass,  German  silver,  etc.) 


Application  of  the  metaU  of  Givup  IV,  to  analysis. — The  compounds  of 
mercury  and  lead  are  chiefly  employed.  The  ease  with  which  mercury 
compounds  decompose  when  heated,  and  the  volatility  of  mercury  itself, 
render  the  use  of  these  substances  in  quantitative  analysis  especially 
valuable  and  convenient.  Mercury  compounds  are  employed  chiefly  for 
the  precipitation  of  magnesium  (in  its  separation  from  the  alkalies  by 
mercuric  oxide)  ;  to  decompose  the  double  cyanides  (used  in  separation  of 
cobalt)  ;  and  in  the  formation  of  mercuric  chromate  and  mercuric  cobalti- 
cyanide.  All  of  these  compounds  part  with  their  mercury  and  other 
volatile  constituents  upon  ignition,  and  the  non-volatile  residue  of  mag- 
nesia, nickelous  oxide,  chromic  oxide,  or  cobalto-cobaltic  oxide  is  weighed. 
Mercuric  oxide  also  surrenders  its  oxygen  readily,  and  can  therefore  be  used 
as  an  oxidising  agent  When  antimony  sulphide,  for  instance,  is  heated 
with  mercuric  oxide,  it  is  converted  to  antimony  tetroxide  (Group  V., 
Antimony).  The  readiness  with  which  the  higher  lead  oxides,  especially 
the  dioxide,  surrender  their  oxygen,  make  these  compounds  valuable  as 
oxidising  agents.  Lead  dioxide  is  employed,  for  example,  in  the  oxidation 
of  chromic  oxide  to  chromic  acid  (§  32),  and  of  manganous  oxide  to  man- 
ganic acid  (§  38). 

3 

PALLADIUM,  RHODIUM,  RUTHENIUM,  AND  OSMIUM 

§  69.  These  metals  resemble  platinum,  and  are  found  associated  with 
that  metal  (and  iridium).  Although  platinimi  and  iridium  belong  to 
Group  v.,  they  must  be  mentioned  here,  as  they  are  the  types  of  the 
metaLs  under  discussion.  The  platinum  metals  form  two  groups — the  first 
consisting  of  platinum,  iridium,  osmium ;  and  the  second,  of  palladium, 
rhodium,  and  ruthenium.  They  are  classified  thus  both  according  to  the 
atomic  weights,  those  of  the  first  group  being  about  twice  as  great  as  those 
of  the  second,  and  by  their  chemical  behaviour.  The  oxides  of  the  platinum 
metals  are  very  weak  bases,  and  the  higher  oxides  of  osmium,  ruthenium, 
and,  to  a  less  degree,  of  rhodium  are  acids.  The  higher  chlorides  of  the 
platinum  metals,  RCl^  (R  =  metal),  unite  with  other  chlorides,  thus  form- 
ing several  series  of  compounds.  They  also  lose  chlorine  easily,  passing 
into  the  lower  chlorides. 
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Both  the  chlorides,  RCl^  and  RCl^f  unite  with  ammonia  to  form  a 
series  of  ammoniacal  compounds ;  examples  of  these  are  found  in  the 
platinammonium  compounds.  All  the  foregoing  compounds,  like  the 
majority  of  double  salts  (e.^.,  of  the  cyanides,  nitrites,  etc.)  are  employed 
in  analysis.  The  formation  of  perosmic  and  perruthenic  acids  is  less 
important  If  we  arc  to  be  guided  by  analytical  properties,  the  study  of 
the  platinum  metals  of  this  group  must  be  separated  from  that  of  their 
analogues  which  have  been  more  thoroughly  investigated.  Their  character 
can  be  fully  understood,  however,  only  after  the  study  of  platinum  and 
iridium  has  been  finished.  The  properties  of  the  latter  are  explained  in 
Group  V.  With  the  exception  of  palladium,  and  perhaps  of  osmium,  the 
metals  of  this  group,  and  especially  rhodium  and  ruthenium,  have  been 
insufl&ciently  investigated.  Bunsen,  indeed,  believes  that  their  compounds 
have  never  been  obtained  in  a  pure  state,  and  at  the  same  time  assumes 
the  probable  existence  of  new  platinum  metals  (at  least  one),  which  have 
not  yet  been  isolated.  Methods  of  separation  are  in  many  cases  still  im- 
perfect To  study  these  more  thoroughly,  and  also  to  learn  the  reactions 
of  these  metals  in  general,  the  closing  paragraphs  of  this  supplement  will 
be  devoted  to  the  analysis  of  the  so-called  platinum  residues. 

PalladiimL — Palladium  usually  occurs  in  the  metallic  state,  some- 
times with  gold  and  silver,  and  also  associated  with  platinum  in  the  ores 
of  the  latter  metaL  Palladium  can  hardly  be  distinguished  by  its  lustre 
or  colour  from  platinum.  When  in  the  form  of  palladium -sponge  it 
assumes,  if  even  slightly  heated,  a  rainbow  tint  extending  from  green  to 
deep  violet  If  hydrogen  be  led  over  palladium  in  such  a  state  of  surface 
oxidation,  at  the  ordinary  temperature,  the  original  colour  of  the  palladium 
is  restored;  on  further  action,  the  hydrogen  becomes  absorbed  and 
palladium  hydride  forms.  The  metal  is  difficultly  soluble  in  nitric  acid 
(more  readily  so  when  the  latter  contains  nitrous  acid).  It  dissolves  in 
boiling  sulphuric  acid  (with  evolution  of  sulphur  dioxide),  being  more 
easily  attacked  when  in  the  finely-divided  state.  Hydrochloric  acid  has 
little  action,  but  does  dissolve  a  perceptible  amount,  even  at  the  ordinary 
temperature  (particularly  in  presence  of  other  metals),  if  the  metal  is  in 
the  spongy  form,  and  is  treated  with  the  acid  under  exposure  to  the  air. 
Palladium  is  readily  soluble  in  aqua  regia,  when  it  has  previously  been 
fused  with  acid  potassium  sulphate.  Like  platinum,  it  has  two  oxides, 
the  monoxide,  PdO,  and  palladia  oxide,  PdO^.  It  also  has  two  chlorides. 
Palladium  tetrachloride,  PdCl^,  is  prepared  by  solution  of  the  metal  in 
aqiM  regiaj  and  forms  compounds  with  other  chlorides,  e.^.,  K^PdCl^. 
Palladic  chloride  readily  parts  with  its  chlorine  and  passes  into  paUadious 
chloride,  PdCl^  The  palladious  salts  (which  are  usually  brown)  corre- 
spond to  this  compound.  The  sulphate  and  nitrate  are  soluble  in  water. 
Palladium  salts  are  in  most  cases  reduced  to  metallic  palladium  on 
ignition. 

Reactions  of  pailadums  saUs.  PaUadious  oxide,  PdO. — Alkalies  throw 
down  a  dark  brown  precipitate,  soluble  in  excess  of  the  reagent  If  this 
solution  be  boiled,  brown  palladious  hydroxide  is  precipitated  (the  an- 
hydrous oxide  is  black). 

Palladium  ammonia  compounds, — Ammonia  gives  a  flesh-red  precipi- 
tate, PdCljNHj,  soluble  in  excess  of  ammonia.     If  hydrochloric  acid  be 
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added  to  this  solution,  the  yellow  compound  of  palladammonium  chloride, 
Pd(NH3Cl)2,  is  deposited.  Salts  other  than  the  chloride  show  this 
reaction  only  when  hydrochloric  acid  is  present 

PaUadwua  cyanide  is  obtained  by  precipitation  with  mercuric  cyanide. 
It  is  a  white,  gelatinous  precipitate,  insoluble  in  dilute  acids,  but  dis- 
solving in  ammonia  and  in  potassium  cyanide  (to  E2PdCy^). 

PaUadiou8  iodide,  Pdlj,  is  black,  and  obtained  on  precipitation  of 
palladium  compounds  by  hydriodic  acid  or  potassium  iodide. 

PaUadious  nUphide  is  a  black  precipitate,  soluble  in  hydrochloric  acid 
and  aqua  regia. 

The  double  nitrite,  K2Pd(N02)4,  is  thrown  down  from  palladium  solu- 
tions by  potassium  nitrite  as  a  yellow  crystalline  powder. 

Reduction  reactions, — The  palladium  salts,  like  those  of  platinum,  readily 
undergo  reduction.  Ferrous  sulphate  slowly  produces  a  black  precipitate 
of  metallic  palladium  (preferably  from  the  nitrate).  Stannous  chloride 
causes  a  black  precipitate  and  green  solution. 

Palladium  in  pcUladious  salts  is  usually  determined  quantitatively  as  the 
metaL  The  salt  is  first  precipitated  as  palladious  cyanide  (by  mercuric 
cyanide,  in  absence  of  nitric  acid),  or  as  palladious  sulphide,  and  the  pre- 
cipitate then  ignited.  Palladium  can  also  be  gravimetrically  determined 
as  Pd(NH3Cl)2,  and,  when  in  the  palladic  state,  as  E2PdCl0.  The  latter 
method  is  carried  out  just  as  in  the  case  of  platinum  (Group  V.) 

Bhodinm. — Rhodium,  which  is  found  only  in  the  platinum  ores,  is 
almost  white  and  very  difficultly  fusible.  It  is  insoluble  in  acids.  Finely- 
divided  rhodium  (obtained  by  reduction  of  its  compounds  in  hydrogen), 
however,  dissolves  in  hydrochloric  acid  under  exposure  to  the  air,  a  cherry- 
red  solution  being  formed  (the  presence  of  other  metals  seems  to  increase 
the  solubility).  Rhodium  dissolves  in  aqua  regia  only  when  alloyed  with 
platinum  or  copper  (in  its  alloys  with  gold  and  silver  it  is  insoluble).  It 
is  soluble  in  molten  phosphoric  acid,  and  dissolves  when  fused  with  acid 
potassium  sulphate,  with  formation  of  a  rhodic  salt,  e.g,,  E3Rh(SO^)3.  If 
the  metal  be  treated  with  chlorine  in  presence  of  sodium  chloride,  the 
soluble  salt)  Na3RhClg,  is  formed.  Rhodium  forms  several  oxides.  The 
anhydrous  sesquioxide,  R2O3,  is  insoluble  in  acids ;  the  hydroxide, 
Rh(0H)3,  difficultly  soluble.  Acids  dissolve  the  hydroxide,  Rh(0H)3  + 
HjO,  on  the  contrary,  with  great  readiness.  The  solutions  of  rhodium 
salts  possess  a  cherry-red  or  brownish  red  colour. 

Reactions  of  rhodium  salts.  Rhodium  sulphide, — Hydrogen  sulphide 
precipitates,  but  only  from  hot  solutions,  and  even  then  incompletely,  the 
brown  rhodium  sulphide,  soluble  in  nitric  acid. 

Hydroxide, — Potassium  hydroxide  at  first  throws  down  a  yellow  pre- 
cipitate of  Rh(0H)3  +  H2O,  which  is  soluble  in  excess  of  the  reagent  at 
the  ordinary  temperature.  If  this  solution  be  boiled,  the  gelatinous,  dark 
brown  hydroxide,  Rh(0H)3,  separates.  A  solution  of  RhNajClg  does  not 
show  this  reaction  immediately,  but  the  precipitate  appears  in  course 
of  time  :  the  addition  of  alcohol  causes  a  black  hydroxide  to  be  precipitated 
at  once.  The  hydroxide  is  also  thrown  down  as  the  brown  modification 
by  other  salts,  such  as  sodium  phosphate. 

Ammxmia  compounds, — Ammonia  produces  a  yellow  precipitate  of  the 
hydroxide.     If  a  rhodium  salt  be  boiled  with  ammonia,  an  ammonia  base 
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results,  which,  after  cooling,  is  precipitated  by  hydrochloric  acid  as  a  bright 
yellow  crystalline  salt  which  is  difficultly  soluble  and  has  the  composition 
Rh(NH3)5Cl3  or  RhgClg.  IONH3  (chloropurpureorhodium  chloride). 

DotAU  nitrites. — Potassium  nitrite  throws  down  from  hot  solutions  a 
bright  yellow  precipitate  of  the  double  nitrite  of  potassium  and  rhodium. 

Reduction  reactions. — Rhodium  compounds  are  reduced  by  hydrogen. 
The  metal  is  also  precipitated  from  its  solutions  by  zinc 

Ruthenium. — Ruthenium  is  found  only  in  platinum  ores.  It  is 
barely  soluble  in  aqua  regia^  and  insoluble  in  acid  potassium  sulphate.  It 
dissolves  easily  when  fused  w^ith  potassium  hydroxide,  especially  on  the 
addition  of  potassium  nitrate.  In  this  reaction  a  solution  of  potassium 
ruthenate  is  obtained,  from  which  acids  precipitate  the  hydroxide.  Treat- 
ment with  chlorine,  in  presence  of  potassium  chloride  and  at  a  high 
temperature,  yields  the  salt,  KgRuClg.  Ruthenium  unites  with  oxygen  in 
several  proportions.  Ruthenic  tetroxide,  RuO^,  is  solid  at  the  ordinary 
temperature,  but  very  volatile.  The  anhydrous  oxide,  R2O3,  is  insoluble 
in  acids ;  its  hydroxide  dissolves  easily  in  hydrochloric  acid.  Ruthenic 
sulphate,  Ru(S04)2,  is  the  only  salt  with  oxyacids  known.  The  common 
soluble  salts  of  ruthenium  are  its  double  chlorides,  such  as  E^RuCl^  and 
KgRuCag.     The  chlorides  are  RuClg,  RuClg,  and  RuCl^. 

Reactions  of  ruthenium  salts. — Potassium  hydroxide  throws  down 
the  black  hydroxide.  Ruthenium  sulphide,  RuSg ;  hydrogen  sulphide  at 
first  produces  no  precipitate,  but  after  some  time  the  solution  becomes 
blue  and  the  black  sulphide  is  deposited  (it  is  precipitated  by  ammonium 
sulphide  at  once).  Potassium  nitrite  does  not  precipitate  ruthenium 
salts  (the  double  nitrites  are  soluble).  If  ammonium  sulphide  be  added 
to  the  solution  of  these  salts  a  characteristic  crimson  liquid  is  obtained 
(due  to  reduction).  Potassium  sulphocyanate  causes  a  characteristic 
purple -red  colour,  which  on  application  of  heat  becomes  violet  Zinc 
precipitates  metallic  ruthenium,  the  solution  first  turning  blue. 

Osmium. — Osmium  occurs  in  platinum  ores  and  alloyed  with 
iridium.  It  has  two  chlorides,  OsClg  and  OsCl^,  both  of  which  com- 
bines with  the  alkali  chlorides.  Its  oxides  are  numerous,  but  only  the 
higher  forms  require  discussion.  Metallic  osmium  readily  undergoes 
oxidation,  and  bums  in  the  flame.  In  this  case,  and  also  through  the 
action  of  nitric  acid  or  aqua  regia^  or  when  heated  in  a  stream  of  moist 
chlorine,  osmic  tetroxide,  OsO^,  is  formed.  This  compound,  which  is  very 
volatile  and  poisonous,  may  also  be  prepared  from  the  lower  oxides.  It 
unites  with  the  alkalies,  but  does  not  decompose  carbonates.  These 
salts,  the  perosmates,  are  very  unstable  (their  formulse  are  undetermined). 
They  are  easily  converted  to  osmates  («.^.,  K^OsO^,  especially  w^hen 
boiled  with  caustic  alkalies  (the  reaction  is  accompanied  by  the  character- 
istic separation  of  the  tetroxide).  A  solution  of  perosmic  acid  decolorises 
indigo,  separates  iodine  from  potassium  iodide,  and  oxidises  alcohol  to 
aldehyde.  It  is  reduced  by  ferrous  sulphate  or  stannous  chloride. 
Hydix>gen  sulphide  precipitates  from  its  solutions  the  brownish  black 
osmium  sulphide,  but  only  in  presence  of  a  strong  mineral  acid.  Metallic 
osmium  is  easily  obtained  from  either  its  solutions  or  solid  compounds. 
It  is  precipitated  from  solutions  by  zinc  or  formic  acid,  and  may  be  pre- 
pared by  ignition  of  osmium  compounds  in  a  current  of  hydrogen. 
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Analysis  and  Metallurgy  of  Platinnm  Ores  and  Residues. — 

Without  going  deeply  into  the  technicalities  of  the  metallurgy,  we  shall 
discuss  the  principal  points,  viz.,  those  which  deal  with  the  separation  of 
the  platinum  metals.  The  description  is  based  upon  the  works  of 
Wohler,  Deville,  Debray,  and  Bunsen. 

a.  Platinum  ores,  TVdhUr's  method.  —  The  platinum  ores  usually 
contain  small  lumps  and  flakes  of  osmiridium,  and  sometimes  of  gold. 
The  gold  is  extracted  by  boiling  with  very  dilute  aqua  regia  (and  pre- 
cipitated from  this  solution  by  oxalic  acid).  To  extract  the  platinum  the 
washed  residue  is  repeatedly  treated  with  weak  aqua  regia  (5  parts  faming 
HCl,  1  part  HNO3),  and  the  acid  distilled  off  by  evaporation.  The  dis- 
tillate, which  contains  osmic  tetroxide,  is  worked  over  for  osmium  (see 
below).  The  residue,  insoluble  in  aqua  regia^  consists  of  osmiridium 
(which,  in  analysis,  is  collected  upon  a  weighed  filter)  and  other 
impurities  (residue  1  :  its  purification  will  be  explained  below).  The 
aq\w,  regia  solution  is  next  evaporated  to  dryness,  and  heated  to  150"*  C. 
(to  convert  the  iridium  into  IrClg).  After  solution  in  HCl,  ammonium 
platinichloride  is  precipitated  by  ammonium  chloride.  The  platinum  is 
obtained  by  ignition  with  oxalic  acid.  To  completely  free  it  from 
iridium,  the  metal  must  again  be  treated  with  aqua  regia.  The  mother- 
liquor  of  the  ammonium  platinichloride  is  saturated  with  chlorine,  evapor- 
ated to  dryness,  and  washed  with  alcohol  of  80**  Tr.  This  yields  the  pal- 
ladium, rhodium,  iridium  (and  platinum),  which  the  liquor  contained.  The 
residue  is  next  treated  with  ammonium  chloride  (comp.  Bunsen's  method) : 
the  red  solution  which  results  contains  all  the  palladium  and  rhodium. 
To  separate  them,  the  solution  is  evaporated  to  dryness,  ignited,  and  the 
metals  reduced  in  a  current  of  hydrogen.  The  greater  portion  of  the 
palladium  is  extracted  with  aqua  regia,  and  purified  by  neutralising  with 
an  alkali,  precipitating  palladium  cyanide  with  mercuric  cyanide,  and 
reducing  the  metal  in  hydrogen.  The  rhodium  requires  no  further 
purification :  its  solution  is  evaporated,  ignited,  and  the  residue  reduced 
to  metallic  rhodium  in  hydrogen.  The  residue  insoluble  in  ammonium 
chloride  is  treated  with  potassium  chloride  solution,  the  platinum  salt 
forming  a  difficultly  soluble  platinichloride,  while  the  iridium  goes  into 
solution.  The  solution  is  evaporated,  ignited  with  potassium  nitrate,  and 
extracted  with  water.  The  iridium  oxide  which  remains  is  then  reduced 
by  hydrogen. 

Method  of  Deville  and  Debray.  —  The  estimation  of  the  sand  is 
accomplished  by  fusion  of  2  grams  of  the  ore  with  7  grams  of  pure  silver 
and  10  grams  of  borax.  The  sand  dissolves  in  the  borax,  while  the 
platinum  metals  and  the  silver  form  a  regulus.  The  weight  of  the  latter, 
subtracted  from  that  of  the  ore  plus  the  silver,  gives  the  amount  of  sand. 
The  osmiridium  is  estimated  as  in  Wohler's  method.  The  solution  ob- 
tained in  this  operation  is  evaporated  almost  to  dryness  with  ammonium 
chloride,  and  at  a  low  temperature.  Platinum  and  iridium  double  salts 
are  next  precipitated,  the  conditions  given  under  Wohler's  method  being 
carefully  observed,  and  the  two  metals  separated  with  aqua  regia  after 
reduction.  The  filtrate  from  the  ammonium  chloride  compounds  of  Pt 
and  Ir  is  evaporated  to  dryness,  and,  after  the  addition  of  a  few  drops  of 
ammonium  sulphide  and  2  grams  of  sulphur,  is  heated  to  a  red  heat  in  a 
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weighed  crucible.  FegS^,  CugS  and  Pd,  Rh  and  Au,  are  thus  obtained. 
The  palladium,  iron,  and  copper  are  extracted  by  nitric  acid,  the  solu- 
tion evaporated  to  dryness,  ignited,  and  treated  with  hydrochloric  acid, 
which  dissolves  only  the  iron  and  copper.  Rhodium  and  gold  are  sepa- 
rated by  digestion  with  dilute  nitric  acid. 

b.  Osmiridium, —  Lixiviation  yields  fine  grains  of  osmiridium  (con- 
taining ruthenium).  The  following  method  of  analysing  osmiridium  is 
recommended  by  Wohler.  Two  grams  of  the  substance  are  fused  with 
barium  dioxide  (6  gr.)  and  barium  nitrate  (2  gr.)  After  undergoing 
ignition  for  two  hours  the  mass  is  treated  with  water,  hydrochloric  acid 
(and  nitric  acid),  and  the  osmic  acid  distilled  into  a  receiver,  where  it  is 
absorbed  by  ammonia.  The  residue  is  then  dissolved  in  water,  the 
barium  removed  by  sulphuric  acid,  and  the  filtrate  evaporated  nearly 
to  dryness  with  ammonium  chloride  (8  gr.)  On  digestion  with  alcohol 
the  iridium  double  salt  remains  undissolved.  The  iridium  itself  is 
obtained  from  this  salt  by  reduction  in  hydrogen ;  it  still  contains  some 
ruthenium,  however,  which  may  be  extracted  by  fusion  with  potassium 
hydroxide  and  chlorate.  The  fusion  product,  containing  the  ruthenium 
salt,  is  next  treated  with  nitric  acid,  which  separates  ruthenious  oxide. 
The  rhodium,  which  goes  into  solution  in  the  alcohol,  need  not  be  purified 
any  further,  but  is  treated  as  in  a.  Deville  and  Debray  analyse  osmiridium 
by  fusing  it  without  previous  pulverisation,  and  dissolving  the  fused 
mass  in  hydrochloric  acid.  In  the  further  processes  of  the  analysis  they 
follow  Wohler's  method ;  the  rhodium,  however,  is  separated  by  treat- 
ment with  sulphur,  as  described  above. 

c  Anahjsis  of  the  residue  insoluble  in  aqua  regia  (Residue  1). — This 
residue  contains  all  the  platinum  metals,  and  also  osmiridium.  It  is  first 
lixiviated  from  the  latter,  and  then  mixed  with  sodium  chloride  and 
heated  in  a  porcelain  tube  in  an  atmosphere  of  moist  chlorine.  The 
osmium  is  thus  converted  to  osmic  tetroxide,  and  is  distilled  into  a 
receiver  containing  ammonia.  (Metallic  osmium  is  obtained  from  this 
solution  by  evaporation  with  ammonium  chloride  and  ignition.)  After 
the  distillation,  the  residue  in  the  tube  consists  of  double  compounds  of 
the  platinum  metals  with  sodium  chloride.  These  are  dissolved  in  water, 
nitric  acid  added,  and  the  remainder  of  the  osmic  tetroxide  distilled  ofT. 
If  potassium  chloride  or  ammonium  chloride  be  now  added,  the  solution, 
concentrated  by  evaporation,  deposits  KglrClg  on  cooling.  (The  pre- 
paration of  metallic  iridium  from  the  salt  is  explained  above.)  The 
remaining  solution  is  evaporated  to  dryness  with  sodium  carbonate  and 
gently  ignited.  On  digestion  with  water  (water  extracts  the  alkali 
chroma  te  formed  from  chrome -iron  ore,  which  occurs  as  an  impurity  in 
the  platinum  ores),  the  oxides  of  the  platinum  metals  Ir,  Ru,  Rh,  and 
iron  oxide  remain  undissolved.  These  are  reduced  by  ignition  in 
hydrogen,  and  iron  extracted  with  dilute  hydrochloric  acid.  Platinum, 
rhodium,  and  palladium  are  obtained  from  the  residue  by  solution  in 
dilute  aqua  regia.  Their  separation  is  discussed  in  a.  The  separation 
of  iridium  from  ruthenium,  which  usually,  though  not  invariably,  occurs 
in  osmiridium,  is  explained  in  the  analysis  of  osmiridium. 

Method  of  Deville  and  Debray. — 50  gr.  of  the  residue  are  fused  with 
150  gr.  of  litharge  and  50  gr.  of  metaUic  lead.     The  fusion  is  treated 
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with  dilute  nitric  acid  at  100*^  GL  Lead  and  palladium  go  into  solution, 
and  after  the  former  has  been  removed  by  sulphuric  acid,  the  solution  is 
evaporated  to  dryness,  the  residue  dissolved  in  water,  and  palladium 
precipitated  as  palladious  cyanide.  The  portion  insoluble  in  nitric  acid 
is  washed  with  hot  water,  evaporated  to  dryness,  and  treated  with  aqua 
regia.  The  insoluble  residue  consists  of  osmiridium.  The  solution  is 
analysed  according  to  Deville  and  Debray's  method  for  analysing  the 
platinum  ores  (see  above). 

d.  The  second  residue  is  obtained  in  the  course  of  the  preparation  of 
the  platinum,  when  the  mother -liquor  of  the  ammonium  platinichloride 
is  precipitated  by  metallic  iron.  It  is  especially  rich  in  rhodium  and 
palladium,  but  contains  all  the  other  metals  (and  also  sand,  iron,  copper, 
and  other  impurities).  This  residue  is  black.  According  to  Wuhler,  it  is 
treated  (after  fusion  with  soda)  in  the  same  manner  as  the  first  residue. 
Deville  and  Debray  also  subject  it  to  practically  the  same  treatment  as 
they  recommend  for  the  first  residue.  Bunsen,  however  {Ann,  d.  Chem. 
Pharm,  146,  265),  proposes  a  new  method.  Before  explaining  his  plan, 
it  may  be  well  to  mention  that  many  of  the  reactions  involved  in  the 
separation  of  the  platinum  metals  have  not  been  published.  We  shall 
discuss  BunserCs  method  in  its  single  steps. 

Precipitaiion  of  the  pkUinum  and  palladium  and  their  separation. — 
Three  parts  of  the  residue  are  gently  ignited  with  one  part  of  ammonium 
chloride  until  the  latter  is  completely  volatilised.  Iridium,  ruthenium, 
and  rhodium  are  thus  rendered  insoluble.  If  the  ignited  residue,  there- 
fore, be  treated,  first  with  nitric  acid  and  subsequently  with  water, 
platinum  and  palladium  (the  latter  reduced  by  the  iron  and  copper  of  the 
residue)  will  be  dissolved  as  PtCl^  and  PdCl2.  (Hydrochloric  acid,  and 
consequently  aqua  regia,  will  be  formed  from  the  decomposition  of  the 
chloridea)  Their  separation  is  effected  by  potassium  chloride,  which  pre- 
cipitates KgPtClg.  The  solution  is  filtered  and  treated  with  chlorine,  to 
convert  PdClg  into  PdCl^.  Impure  KgPdClg  is  thus  obtained.  This  is 
weighed,  again  reduced  to  PdClg  with  oxalic  acid,  and  potassium  platini- 
chloride reprecipitated  by  potassium  chloride.  A  portion  of  the  palladium 
separates  from  the  solution  as  K^PdCl^  on  evaporation,  and  the  remainder 
is  precipitated  as  PdIg  by  potassium  iodide. 

Separatum  of  ruthenium, — The  insoluble  residue  left  on  treatment  with 
nitric  acid  is  fused  with  eight  parts  of  zinc,  the  surface  of  the  mixture  being 
continually  kept  covered  with  ammonium  chloride.  The  latter  operation 
very  much  facilitates  the  fusion,  as  the  platinum  metals  (which  exist  in 
the  residue  in  a  partly  oxidised  state)  undergo  reduction.  The  sand  also 
(the  stony  constituents  of  the  ore  in  general)  remains  suspended  in  the 
layer  of  zinc  chloride  and  above  the  regulus.  The  latter  is  next  granu- 
lated and  treated  with  hydrochloric  acid.  It  may  be  mentioned  that  lead 
and  copper  are  dissolved  by  the  acid  (the  platinum  and  zinc  form  a 
galvanic  couple),  and  also,  naturally,  the  iron  and  zinc.  All  the  foreign 
metals  are  separated  from  the  ores  by  this  method,  and  the  black  residual 
powder  consists  only  of  the  platinum  metals  (iridium,  rhodium,  and  some 
ruthenium).  This  residue  is  mixed  with  anhydrous  barium  chloride  (four 
parts)  and  heated  in  small  portions  in  a  retort  filled  with  chlorine.  If  the 
mixture  be  now  treated  with  water,  an  insoluble  black  powder  is  left. 
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which   contains   all   the  ruthenium  (together  with  email  quantities  of 
iridium  and  rhodium). 

Separation  of  rhodium  and  iridium.— The  barium  is  next  separated  by 
sulphuric  acid  from  the  solution  obtained  above,  the  acid  being  addeil 
cautiously  and  an  excess  avoided.  The  platinum  metals  are  next  separated 
by  hydrogen  (at  100°  ;  we  shall  omit  the  details  of  the  operation). 
Platinum,  palladium,  rhodium,  and  finally  iridium,  are  deposited  in  suc- 
cession. They  are  purified  by  re-solution  in  aqua  regia,  and  the  impure 
iridium  and  rhodium  are  again  treated  with  chlorine  in  presence  of  bariuui 
chloride.  After  digestion  with  water  and  removal  of  the  barium  by 
sulphuric  acid,  the  solution  is  concentrated  by  evaporation  with  hydro- 
chloric acid,  filtered,  and  precipitated  by  an  excess  of  acid  sodium  sulphite. 
In  the  course  of  a  few  days  the  rhodium  will  be  deposited  in  the  form  of 
a  very  pure,  citron  -  coloured,  double  sulphite,  the  previously  brown 
Rolution  becoming  colourless  at  the  same  time.  If,  after  the  double  salt 
has  been  filtered  off,  the  solution  be  heated,  more  of  the  same  precipitate 
will  be  thrown  down,  but  mixed  with  the  iridium  salt  When  evapor- 
ated on  the  water-bath  the  filtered  solution  yields  the  iridium  salt  (possibly 
containing  another  element  as  yet  unknown).  The  final  separation  of 
iridium  and  rhodium  is  effected  by  treatment  of  the  sulphites  with  con- 
centrated sulphuric  acid,  in  a  platinum  crucible,  until  all  the  sulphuric 
acid  has  been  driven  off.  Water  then  dissolves  the  iridium  as  its  sulphate, 
while  rhodium  remains  as  an  insoluble  double  sodium  sulphate  (which  has 
not  been  more  accurately  described).  The  metal  itself  is  prepared  by  the 
well-known  methods.  To  completely  purify  the  products,  all  of  these 
operations  must  be  repeated  several  times. 

Metlwds  of  Beville  and  Stas. — The  analysis  of  the  platinum 
metals  has  recently  made  considerable  progress.  The  Inter- 
national Commission  of  Weights  and  Measures  invited  Deville 
and  Stas  to  investigate  and  analyse  the  alloy  of  iridium  and 
platinum  to  be  used  in  the  preparation  of  standard  meters  and 
kilograms,  and  these  two  scientists  developed  the  following 
method.  We  give  the  cardinal  points  of  the  process  as 
explained  by  Mylius  and  Forster  (£er.  d,  dcutschen  chcm, 
Gesellsclmft,  Bd.  25,  S.  665). 

The  alloy  (5  gr.)  is  fused  with  ten  parts  (50  gr.)  of  lead 
in  a  crucible  of  purified  retort  charcoal,  and  the  regulus  boiled 
with  very  dilute  nitric  acid.  The  analysis  of  the  solution 
obtained  is  explained  below.  The  black  residue  is  filtered  off, 
washed  with  water,  and  then  boiled  with  very  dilute  aqua  rer/ia 
(1  vol.  HNO3,  4  vols.  HCl,  45  vols.  H^O).  The  resulting 
solution  is  added  to  the  nitric  acid  extract  obtained  above. 
The  residue  consists  of  lustrous  flakes. 

1.  Analysis  of  the  residue  insoluible  in  aqua  regia. — This 
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residue  contains  all  the  iridium  and  ruthenium  of  the  alloy. 
To  separate  these  two  metals  it  is  fused  with  3  gr.  KNO3  and 
10  gr.  KgCOg,  and  the  product  extracted  with  water.  The 
solution  and  residue  are  then  poured  into  a  high  cylinder,  the 
insoluble  powder  allowed  to  subside,  and  the  supernatant 
liquid  decanted  off.  The  residue  is  washed  with  dilute  sodium 
carbonate  and  hypochlorite  until  the  wash  water  is  no  longer 
yellow.  The  various  solutions  are  then  poured  into  a  retort, 
saturated  with  chlorine,  and  distilled  into  a  flask  containing 
water,  hydrochloric  acid,  and  alcohol  (purified  by  distillation 
over  potassium  oxide).  Perruthenic  acid  passes  over  into  the 
receiver  and  there  becomes  reduced  to  ruthenium  chloride. 
The  distillate  is  next  evaporated  to  dryness,  and  metallic 
ruthenium  obtained  by  reduction  in  hydrogen.  The  purity  of 
the  metal  must  be  tested  after  it  has  been  weighed ;  for  this 
purpose  it  is  dissolved  in  a  concentrated  solution  of  sodium 
hypochlorite. 

The  residue  left  after  the  product  of  the  fusion  with 
potassium  nitrate  and  carbonate  had  been  treated  with  water, 
together  with  that  from  the  distillation  of  the  perruthenic 
acid,  contains  the  whole  of  the  iridium.  The  two  are  boiled 
with  sodium  hydroxide  and  alcohol,  and  the  iridium  oxide 
obtained  purified,  and  reduced  to  the  metal  in  hydrogen  for 
weighing. 

2.  Analysis  of  the  nitric  add  and,  aqua  regia  solutions, — 
These  solutions  contain  all  the  lead  and  copper,  and  also  ail 
palladium,  rhodiimi,  and  osmium  present  in  the  alloy.  The 
lead  is  precipitated  by  the  exact  quantity  of  sulphuric  acid 
requisite,  and  the  solution  evaporated  to  dryness  and  extracted 
with  hydrochloric  acid.  The  lead  sulphate  is  then  filtered  off 
and  the  platinum  metals  in  the  filtrate  converted  to  double 
salts  with  ammonium  chloride.  The  compounds  obtained  are 
dried  at  a  low  temperature,  and  the  metals  reduced  to  the 
metallic  state  by  hydrogen  (by  which  they  are  obtained  in  the 
spongy  form).  They  are  next  fused  with  acid  potassium 
sulphate,  a  dark  red  heat  being  employed  toward  the  end  of 
the  operation.  Platinum  remains  undissolved,  and  rhodium 
and  palladiimi,  which  go  into  solution,  are  extracted  with  cold 
water  and  the  platinum  filtered  off.  Palladium  cyanide,  PdCyj, 
is  precipitated  from    the  filtrate    by  mercuric  cyanide,  and 
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treated  according  to  the  method  usually  employed  in  quantita- 
tive analysis.  The  rhodium  in  the  filtrate  from  the  palladium 
is  reduced  by  formic  acid  and  weighed  as  the  metaL 

In  the  hands  of  Deville  and  Stas  this  method  has  given 
excellent  results.  For  further  particulars  concerning  it,  and 
also  regarding  the  analysis  of  platinum  ores  in  general,  the  reader 
is  referred  to  the  article  by  Mylius  and  Forster  quoted  above. 
Useful  hints  on  the  subject  can  also  be  found  in  the  paper  by 
Th.  Willm  {Ber.  d.  detUsch.  chem.  Gesell.  Bd.  18,  S.  2536). 


GEOUP   V 

TIN,  ANTIM0N7,  ABSENIO,  GOLD,  PLATINUM  (IBIDIIJM, 
MOLYBDENUM,  TUNGSTEN,  GERMANIUM,  VANADIUM, 
SELENIUM,  TELLUBIUM) 

§  70.  The  metals  of  this  group  are  characterised  by  the 
insolubility  of  their  sulphides  in  dilute  acids.  Hydrogen  sul- 
phide precipitates  their  sulphides  from  acid  solution.  These 
salts  are  distinguished  from  the  sulphides  of  Group  IV.  by 
their  solubility  in  ammonium  sulphide  and  in  other  soluble 
sulphides  (i,e,,  those  of  potassium,  sodium,  etc.),  with  formation 
of  soluble  thio-salts. 

Olassiflcation  into  Divisions. — The  metals  of  Group  V. 
are  sharply  distinguished  from  each  other.  Antimony,  arsenic, 
and  tin  form  at  a  high  temperature  the  stable  oxides,  arsenic 
acid,  stannic  acid,  and  antimonic  acid.  These  acids  are  formed 
by  fusion  of  compounds  of  the  respective  metals  with  sodium 
C8u:bonate  and  potassium  nitrate,  an  alkali  salt  of  the  acid,  the 
metal  of  which  was  used,  being  obtained  by  the  reaction.  The 
oxides  of  gold  and  platinum,  as  well  as  the  majority  of  their 
other  compounds,  are  resolved  into  the  metals  and  oxygen  on 
ignition.  If  fused  as  above,  the  metals  themselves  are  obtained. 
The  ease  with  which  gold  and  platinum  suffer  reduction  affords 
other  reactions  also,  which  differ  materially  from  those  em- 
ployed in  the  analysis  of  «u:'senic,  antimony,  and  tin.  A  less 
important  distinction  between  the  metals  of  Group  V.  is  found 
in  the  insolubility  of  gold  and  platinum  sulphides  in  hot 
hydrochloric  or  nitric  acid ;  the  sulpliides  of  arsenic,  antimony, 
and  tin  are  soluble  in  either  medium.     A  better  idea  of  this 
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group  is  obtained,  therefore,  if  it  be  divided  into  two  divisions, 
according  to  these  characteristics. 

Division  1 :  Tin,  antimony,  arsenic. 

Division  2  :  Gold,  platinum. 


GEOUP  v.,  DIVISION  1 

TIN,  ANTIMONY,  ABSENIO . 

Tin,  antimony,  and  arsenic,  form  two  series  of  compounds. 
The  lower  degrees  of  oxidation  are:  stannous  oxide,  SnO, 
antimony  trioxide  (antimonious  acid),  Sb^Og,  arsenic  trioxide 
(arsenious  acid),  Aa^^,  The  higher  oxides  are :  stannic  oxide 
(stannic  acid),  SnO^,  antimony  pentoxide  (antimonic  acid), 
SbgOg,  and  arsenic  pentoxide  (arsenic  acid),  As^Oj.  Stannous 
oxide  readily  forms  salts  with  acids,  antimony  trioxide  does 
not  unite  with  them  so  easily,  and  arsenic  trioxide  possesses 
distinct,  though  weak,  acid  properties.  The  higher  oxides, 
with  exception  of  stannic  oxide,  which  forms  salts  with  some 
acids  (and  at  the  same  time  yields  stannates  with  bases), 
possess  pronounced  acid  characteristics.  As  a  result  of  these 
various  properties  which  are  shown  by  the  oxides  of  the 
metals  of  Group  V.,  the  solution  to  be  analysed  may  be  either 
neutral  (metallic  salts  of  the  acids),  acid  (salts  of  the  oxides 
and  acids — the  more  usual  case),  or  alkaline  (solution  in 
caustic  alkalies,  thio-salts). 

We  are  also  acquainted  with  two  series  of  sulphides  of 

these  metals,  corresponding  to  the  oxides.     The  lower  series 

consists  of  SnS,  Sb^Sg,  ASgSg ;  the  higher,  of  SnSg,  Sb^S^,  ASgS^. 

The  characteristic  distinction  found  in  the  oxides  also  exists 

between  these  series.     The  higher  compounds  are  especially 

capable  of  forming  thio-salts,  in  which  they  combine  vrith  the 

sulphides  of  the  previous  groups.     Since  the  sulphides  of  this 

group  possess  the  chemical  character  of  anhydrides  of  thio- 

acids,  e.^., 

2  AsHgS^  =  AflgS^  +  SHgS, 

their  union  with  the  sulphides  of  other  groups  to  form  thio- 
salts  is  readily  explained. 

The  series  of  chlorides  are  incomplete.     Arsenic  has  no 
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pentaxjhloride.  The  lower  compounds  are  SnCl^,  AsClg,  SbClg, 
and  in  the  higher  series  only  SnCl^  and  SbClg  are  known. 
The  char£icteristic  properties  of  these  metals,  which  are 
placed  in  Group  V.  by  virtue  of  their  sulphides,  and  in  its 
first  division  because  of  their  oxides,  are  explained  above.  We 
shall  now  take  up  their  general  reactions :  as  the  definition  of 
this  group  indicates,  the  sulphides  and  oxides  are  the  most 
important  compounds  for  the  purposes  of  analysis. 


General  Beactions 

§  71.  Sulphides  and  Thio-salts. — Each  metal  has  two 
sulphides :  SnS  and  SnS^,  Sb^Sg  and  Sb^S^,  As^Sg  and  As^S^. 
The  colours  of  these  compounds  are  characteristic.  The  sul- 
phides of  arsenic  and  stannic  sulphide  are  yellow;  the 
antimony  compounds  are  orange-red;  and  stannous  sulphide 
brown.  The  formation  and  properties  of  these  compounds  are 
as  follows : — 

(a)  Action  of  hydrogen  sulphide. — As  has  already  been 
noticed,  the  compounds  of  these  metals  can  occur  in  alkaline 
solution  {e,g.,  thio-salts),  or  have  either  a  neutral  (e.^.,  arsenates) 
or  acid  reaction.  Neutral  and  alkaline  solutions  are  not 
precipitated  by  hydrogen  sulphide,  soluble  thio-salts  being 
formed  instead.     This  is  obvious  &om  the  following  example : 

KgAsO^  +  4HoS  =  KgAsS^  +  4H2O. 

The  sulphides  are  precipitated  by  sulphuretted  hydrogen 

only   from   acid    solutions.     Before   deriving   the   conditions 

necessary  for  this   reaction,    we   must   examine   its   theory. 

When  soluble  compounds  of  the  metals  of  this  group  are 

precipitated  from  acid  solution  by  hydrogen  sulphide,  not  all 

the    sulphides    enumerated    are    obtained.      Tin   compounds 

(stannous  and  stannic)  deposit  the  corresponding  sulphides, 

SnS  and  SnSg.     Antimony  trichloride  (and    the   derivatives 

of  antimony  trioxide  in  general)  precipitate  Sb^S^;    arsenic 

trioxide,  arsenic  trisulphide,  ASgSg.     If  an  antimony  compound 

be  taken  as  an  example,  the  reaction  may  be  represented  as 

follows : 

aSbClg  +  SHgS  =  SbgSg  +  6HC1. 
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The  derivatives  of  antimonic  and  arsenic  acids  behave 
somewhat  differently,  as  the  action  of  hydrogen  sulphide  also 
causes  their  reduction.  Hydrogen  sulphide  converts  these 
salts  into  the  lower  compounds,  having  an  effect  similar  to  that 
which  it  exerts  upon  ferric  salts  (§  34)  or  chromic  acid  (§  33) : 

SbgOj  +  2H2S  -  SbgOj  +  2H2O  +  2S, 
Asp^  +  2H2S  =  A82O3  +  2H2O  +  2& 

The  reaction  between  hydrogen  sulphide  and  these  com- 
pounds actually  takes  place  as  follows : — Antimony  pentoxide 
is  not  fully  reduced,  and  hydrogen  sulphide  produces  in 
a  solution  of  SbCl^,  for  instance,  precipitates  of  both  antimony 
pentasulphide  and  trisulphide ;  the  latter  being  thrown  down 
from  the  antimony  trichloride  formed  by  reduction  of  the 
antimonic  compound.  If  a  rapid  stream  of  hydrogen  sulphide 
be  allowed  to  act  upon  a  solution  of  arsenic  £icid  or  its  salts, 
which  has  been  strongly  acidified  with  hydrochloric  acid,  a 
precipitate  is  formed  slowly,  but  consisting  wholly  of  the  penta- 
sulphide : 

2H3A8O4  +  SHoS  =  AsgSj  +  BHoO. 

If  the  current  of  hydrogen  sulphide  flows  slowly,  or  if  the 
arsenic  solution  is  not  sufficiently  acid,  the  arsenic  acid 
becomes  partly  reduced : 

HgAsO^  +  HjS  =  Hg  AsOg  +  S  +  HgO. 

From  the  arsenious  acid  thus  formed,  sulphuretted  hydrogen 
precipitates  the  trisulphide. 

Althougli  we  have  represented  an  acid  solution  as  absolutely  necessary 
for  the  formation  of  the  sulphides  with  sulphuretted  hydrogen,  the  fol- 
lowing exceptions  to  this  statement  must  be  made: — If  an  aqueous  solution 
of  arsenious  or  arsenic  acid,  which  presents  an  acid  reaction,  be  treated 
with  hydrogen  sulphide,  no  precipitate  is  deposited,  but  the  arsenic  sul- 
phide formed  remains  in  solution  in  the  colloidal  state.  Other  sulphides 
of  this  group,  stannic  sulphide  for  example,  when  washed  until  all  soluble 
salts  are  removed,  may  pass  into  the  same  soluble  condition.  This  may 
be  prevented  by  the  addition  of  hydrochloric  acid  in  the  first  case,  or,  in 
the  second,  by  the  addition  of  certain  salts,  such  as  ammonium  acetate,  to 
the  wash-water. 

The  theoretical  questions  having  been  answered,  it  is 
necessary  to  know,  further,  only  the  conditions  involved  in  the 
practical  application  of  the  reaction. 
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The  conditions  of  reaction  result  from  the  behaviour  of  the 
sulphides  to  the  common  acids  (see  below).  In  the  presence 
of  concentrated  mineral  acids,  sulphuretted  hydrogen  does  not 
precipitate  the  sulphides  completely  (this  is  also  the  case  in 
the  corresponding  reactions  with  sulphides  of  Group  IV.),  and 
the  reaction  must  therefore  be  made  only  after  the  solution,  if 
strongly  acid,  haa  been  well  diluted  with  water.  The  best 
acidifying  agent  (if  such  is  necessary)  is  hydrochloric  acid; 
nitric  acid  is  detrimental  to  thorough  precipitation.  If  these 
conditions  be  observed,  the  precipitation  takes  place  slowly  but 
completely,  especially  if  the  liquid  be  heated  to  about  70°  C. 
during  the  operation.  A  confirmatory  test  is  necessary  to 
ascertain  the  completeness  of  the  precipitation,  since  arsenic 
acid  may  otherwise  escape  notice,  as  it  is  precipitated  by 
hydrogen  sulphide  with  difficulty.  This  error  may  be  avoided 
by  careful  and  not  too  hasty  work,  and  observance  of  the 
necessary  conditions.  The  confirmatory  test  may  be  made  by 
heating  the  filtrate  from  the  precipitated  sulphides  to  about 
70°  C.  with  hydrogen  sulphide  water. 

A  certain  amount  of  caution  is  necessary  in  washing  the 
precipitates.  Although  while  the  mother -liquor  contains  a 
sufficient  quantity  of  salts  or  acids  no  trouble  is  experienced, 
the  sulphides  of  this  group  pass  into  solution  in  the  colloidal 
condition  as  soon  as  these  foreign  substances  have  been  removed, 
and  the  solution  runs  through  the  filter  turbid.  To  avoid  this, 
it  is  advisable,  toward  the  end  of  the  operation,  to  add  to  the 
wash  water  some  salt,  e.g,,  ammonium  acetate,  which  does  not 
interfere  with  the  detection  of  the  metal  The  washed  sul- 
phides are  dissolved  in  ammonium  sulphide. 

(6)  ThiO'Salts, — ^The  formation  of  soluble  thio-salts  demands 
particular  attention,  as  a  reaction  by  which  the  metals  of  Group 
V.  are  separated  from  those  of  Group  IV.  We  shall  first 
discuss  the  theory  of  the  reaction,  and  then  consider  the 
normal  conditions  under  which  it  is  brought  about  in  practi- 
cal work. 

The  higher  sulphides,  SnS,,  Sb,S^  As^S,,  possess  in  many 
ways  the  same  properties  as  the  anhydrides  of  the  acids.  They 
unite  with  the  sulphides  (as  the  common  acid  anhydrides  unite 
with  metallic  oxides)  to  form  salts.  These  compounds  are 
called  thio-salts.     Their  formation  and  composition  are  obvious 
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from  the  following  equation,  in  which  ammonium  thio-salts  are 
taken  as  examples : 

SnSg  +  (NH4)2S  =  (NH4)2SnS3, 
AsgSg  +  3(NH4)2S  =  2(NH^)3A8S4. 

The  composition  of  the  antimony  salt  is  (NH^)gSbS^.  Re- 
membering that  the  stannate  and  arsenate  have  the  formulae 
(NH^gSnOg  and  (NH^)3AsO^,  we  see  that  the  thio-salts  are 
compounds  in  which  the  oxygen  of  the  acid  has  been  displaced 
by  sulphur.  Soluble  thio-salts  are  formed  by  the  metals  of 
Groups  I.  and  II. ;  in  other  words,  soluble  sulphides  dissolve  the 
higher  sulphides  of  tin,  arsenic,  and  antimony. 

The  thio-salts  of  the  metals  of  other  groups  are  insoluble.  The  com- 
position of  the  ammonium  thioarsenates  is  usually  more  compUcated  than 
the  formulae  given  above  indicate.  They  correspond  to  a  series  of  pyro- 
salts,  which  are  formed  by  the  following  acid  : 

2H8ASS4  -  HjS = H4A8JS7 . 

Certain  other  alkaU  salts  are  also  known  which  belong  to  this  series.  Their 
formation  may  be  expressed  by  the  following  formula : 

AS2S5 + 2Na2S  =  Na4A8aS7 . 

The  thio-salts  which  are  insoluble  in  water  may  be  prepared  by  double- 
decomposition  of  the  soluble  salts,  but  this  method  has  no  analytical 
application.  Of  far  more  importance  is  the  formation  of  such  thio-salts, 
especially  of  the  thioarsenates,  with  zinc  or  copper,  when  a  solution 
containing  arsenic  and  one  of  these  metals  is  precipitated  by  hydrogen 
sulphide.     It  is  probable  that  other  similar  salts,  such  as 

PbS  +  SnSa=PbSnSs, 

are  also  formed,  but  the  latter  are  decomposed  by  ammonium  sulphide 
(analogy  to  the  decomposition  of  the  salts  of  heavy  metals  by  caustic 
alkaUes).  A  few,  however,  such  as  bismuth  thiostannate,  are  not  thus 
decomposed.  It  has  recently  been  shown  that  ferrous,  mercurous,  and 
cadmium  sulphides  are  soluble  in  the  solution  of  a  thiostannate. 

The  lower  sulphides  vary  in  their  behaviour  toward  the 
soluble  sulphides.  Stannous  sulphide  forms  no  thio-salts,  and 
is  insoluble  in  ammonium  sulphide.  Antimony  trisulphide  is 
indeed  dissolved,  but  its  salts  are  too  unstable  to  be  well  known. 
The  arsenic  salts  are  more  familiar,  although  likewise  unstable  ; 
the  ammonium  salts  correspond  to  the  formulae  (NH^)gAsS3 
and  (JSK^J^^S^.     We  do  not  meet  with  these  compounds  in 
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analysis,  as  they  cannot  form  in  aqueous  solutions.  Ammonium 
polysulphide  is  invariably  used  as  the  solvent  of  the  lower 
sulphides,  and  their  solution  is  thus  effected  by  two  consecu- 
tive reactions.  The  lower  sulphide  first  unites  with  the  extra 
sulphur  of  the  ammonium  polysulphide,  and  passes  into  the 
higher  compound  before  being  dissolved : 

The  resulting  thio-salt  corresponds  to  the  higher  sulphide. 
The  reactions  in  which  thio-salts  are  formed  require  a  careful 
examination,  to  which  we  will  now  turn. 

Action  of  ammonium  sulphide  upon  the  sulphides  of  Oroup 
V, — As  has  already  been  mentioned,  this  reaction  must  be  made 
with  ammonium  polysulphide.  Ammonium  sulphide  becomes 
yellow  on  standing  (through  oxidation),  and  then  contains  the 
polysulphide.  The  latter  can  also  be  prepared  by  the  direct 
solution  of  sulphur  in  ammonium  sulphide.  Besides  this  con- 
dition, the  complete  solution  of  tin  sulphides,  etc.,  in  ammonium 
sulphide  requires  that  the  treatment  with  the  latter  be  repeated 
three  or  four  times,  in  order  that  the  sulphides  may  completely 
unite  with  the  sulphur.  The  reaction  is  made  in  practice  as 
follows : — ^The  precipitates  of  the  sulphides  having  been  collected 
on  a  filter  and  washed,  they  are  transferred  by  means  of  the  wash- 
bottle  to  a  small  beaker,  and  digested  with  warm  ammonium 
sulphide.  The  supernatant  liquor  is  then  decanted,  a  fresh 
quantity  of  the  reagent  added,  and  the  operation  once  more 
performed.  If  only  the  metals  of  Groups  TV.  and  V.  are 
present,  the  reaction  may  be  made  by  the  direct  addition  of 
ammonium  sulphide,  without  previous  precipitation  by  sulphu- 
retted hydrogen,  the  above  conditions,  however,  being  observed. 
It  is  obvious  that  in  a  complete  qualitative  analysis,  the  latter 
method  must  not  be  employed  if  metals  of  Group  III.  are 
present. 

Precipitation  of  thio-salts  by  adds, — In  the  course  of 
analysis,  the  thio-salts  (having  been  filtered  from  the  sulphides 
of  Group  IV.)  are  treated  with  an  acid.  Decomposition  here- 
upon ensues,  and  the  sulphides  of  tin,  antimony,  and  arsenic 
are  thrown  down,  with  separation  of  hydrogen  sulphide  (and 
formation  of  ammonium  salts) : 

2(NH  JgAsS^  +  6Ha  =  AsgSg  +  GNH^a  +  SH^S. 
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As  the  thio-salts  of  the  higher  sulphides  alone  are  formed,  only 
these,  i.e.,  SnS^,  SbgS^,  and  As^S^,  are  precipitated  in  the 
reaction. 

The  action  of  strong  acids  upon  neutral  salts  is  to  displace  the  acid  of 
the  latter.  In  the  present  instance  the  thio-acids  should  theoretically  be 
liberated,  but  as  they  do  not  exist  in  the  free  state,  their  thio-anhydrides 
are  formed  instead : 

SnHaSs=SnS2+H2S. 

This  result  is  exactly  analogous  to  that  obtained  by  the  action  of  strong 
acids  upon  carbonates,  sulphites,  chromates,  etc^  in  which  acid  anhydrides 
are  set  free. 

Hydrochloric  acid  is  the  reagent  usually  employed  to 
precipitate  the  thio-salts.  It  must  be  added  to  their  solution 
carefully.  The  precipitated  sulphides  are  more  easily  filtered 
if  they  are  first  allowed  to  settle.  After  the  sulphides  have 
been  thoroughly  washed,  the  wash  water  usually  begins  to  pass 
turbid  through  the  filter  (see  above).  The  precipitate  generally 
contains  a  large  quantity  of  sulphur,  formed  from  the  decom- 
position of  the  ammonium  polysulphide  by  hydrochloric  acid. 
In  the  further  processes  of  analysis,  the  sulphides  are  subjected 
to  various  reactions  which  are  based  upon  their  individual 
characteristics. 

We  may  remark  here,  that  quaHtative  analysis  requires  not  only  the 
detection  of  the  metal,  but  its  degree  of  oxidation.  Such  questions 
cannot  be  answered  by  the  reactions  previously  given.  For  instance, 
hydrogen  sulphide  reduces  arsenic  acid  (the  possibility  of  its  detection  is 
lost) ;  ammonium  sulphide  has  the  reverse  reaction,  converting  lower 
sulphides  to  the  higher  (and  thus  preventing  their  detection).  Such 
problems  can  be  solved  only  with  the  original  solution  (see  Special 
Beactions). 

(c)  Properties  of  the  sulphides  of  Group  V,  Behaviour  to 
ammonia, — Caustic  alkalies  dissolve  almost  all  sulphides. 
Ammonia,  and,  to  a  still  greater  extent,  ammonium  carbonate, 
have  a  different  action.  Both  dissolve  the  arsenic  compounds, 
As^Sj  and  As^S^,  though  none  of  the  other  sulphides. 

The  action  of  caustic  alkalies  and  ammonia  is  explained  by  the 
existence  of  a  peculiar  class  of  salts,  analogous  to  the  thio-salts.  The 
latter  are  defined  as  compounds  in  which  the  oxygen  of  the  acid  is  com- 
pletely displaced  by  sulphur.  The  other  class  of  salts  is  formed  of  those 
in  which  the  oxygen  is  not  entirely  displaced  by  sulphur,  eg.,  KH2A8O3S. 
This,  as  the  formula  shows,  is  an  intermediate  compound.     These  salts  are 
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so  unstable,  however,  that  the  solution  of  sulphides  in  potassium  hydroxide 
is  usuallj  accompanied  by  their  partial  decomposition  : 

SSnSj + 6K0H  =  KaSnOj + 2KaSnS8 + SHjO. 

In  qualitative  analysis  we  employ  ammonium  carbonate. 
The  separation  by  its  means,  though  not  entirely  accurate,  is 
very  simple.  The  washed  precipitate  of  the  sulphides  is 
transferred  to  a  beaker  and  digested  at  a  slight  heat  with  solid 
ammonium  carbonate.  The  arsenic  sulphide  goes  into  solution, 
and  is  filtered  from  the  insoluble  tin  and  antimony  compounds. 
Arsenic  sulphide  is  precipitated  from  the  solution  by  hydro- 
chloric  a«ii     The  confirmatory  teste  are  given  below. 

Behaviour  toward  acids, — Boiling  hydrochloric  acid  dis- 
solves the  sulphides  (higher  and  lower)  of  tin  and  antimony, 
with  formation  of  chlorides  and  sulphuretted  hydrogen.  The 
sulphides  of  arsenic  are  insoluble  in  this  medium. 

If  the  reaction  in  which  the  sulphides  are  precipitated  by  hydrogen 
sulphide  in  presence  of  hydrochloric  acid  be  compared  with  the  action  of 
hydrochloric  acid  upon  the  sulphides,  an  apparent  contradiction  is  seen. 
According  to  the  experiments  of  BerthoUet  this  reaction  depends  upon  the 
concentration  of  the  acid.  In  dilute  hydrochloric  acid  the  sulphides  are 
insoluble.  The  concentrated  acid,  on  the  contrary,  dissolves  them  with 
liberation  of  hydrogen  sulphide.  At  the  point  of  concentration  at  which 
the  acid  changes  from  a  non-solvent  to  a  solvent,  it  may  be  expressed  by 
the  formula  HCl  +  GHoO.  An  acid  stronger  than  that  represented  by  this 
formula  dissolves  the  eulphidea  More  recent  investigations  tend  to  show 
that  the  manner  in  which  hydrochloric  acid  acts  upon  antimony  penta- 
sulphide  is  more  complicated  than  Berthollet  assumed. 

To  dissolve  the  sulphides,  they  are  boiled  with  fuming  hydro- 
chloric acid  until  hydrogen  sulphide  ceases  to  escape.  The  end 
of  the  reaction  is  difi&cultly  determined,  even  with  lead  acetate 
paper  (Section  II.,  Hydrogen  Sulphide).  The  higher  chlorides 
of  tin  and  antimony  are  obtained  in  solution  (methods  for 
their  detection  are  given  below),  and  arsenic  sulphide  remains 
undissolved.  Confirmatory  tests  of  this  compoimd  are 
necessary,  as  sulphur  is  also  insoluble  in  hydrochloric  acid. 
They  are  performed  after  oxidation  of  the  sulphide. 

§  72.  Stannic  Acid,  Antimonic  Acid,  Arsenic  Add. — ^To 
characterise  the  metals  of  this  group  and  find  confirmatory 
tests  for  their  recognition,  the  methods  of  formation  and  the 
properties  of  the  acids  which  the  metals  of  Group  V.  yield 
must  be  studied. 
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Oxidation  with  nitric  acid. — Both  the  metals  and  the 
majority  of  their  compounds  can  be  oxidised  by  nitric  acid. 
To  oxidise  the  metals  themselves  or  their  alloys,  acid  of  sp.  gr. 
1'3  is  used.  The  reaction,  which  sets  in  at  the  ordinary  tem- 
perature, if  the  metal  or  alloy  be  finely  divided,  is  finished  on 
the  water-bath.     The  alloys  are  usually  analysed  in  this  way. 

To  oxidise  the  sulphides,  fuming  nitric  acid  must  be  employed.  The 
sulphides,  however,  must  contain  no  free  sulphur  (it  may  be  removed  by 
carbon  disulphide),  as  detonation  may  otherwise  occur.  This  is  less  liable 
to  happen  if  the  sulphides  be  moistened  with  nitric  acid  of  sp.  gr.  1*3, 
before  the  addition  of  the  fuming  acid.  In  this  case  also  the  reaction 
sets  in  at  the  ordinary  temperature,  but  must  be  finished  on  the  water-bath. 
The  oxidation  yields  a  white  precipitate  containing  all  the  stannic  and 
part  of  the  antimonic  acid.  Arsenic  goes  into  solution.  In  presence  of 
stannic  acid,  however,  the  arsenic  may  also  be  found  in  the  precipitate  as 
stannic  arsenate,^  and  hence  no  separation  is  effected.  As  the  following 
reaction  is  very  convenient^  it  is  preferable,  in  qualitative  analysis,  to 
avoid  the  oxidation  of  sulphides  by  nitric  acid. 

Oxidation  hy  chlorine  is  employed  to  bring  the  sulphides 
into  solution  (for  this  it  is  very  convenient),  and  to  convert 
the  lower  degrees  of  oxidation  into  the  higher  forms.  The 
compounds  are  treated  with  concentrated  hydrochloric  acid, 
and  small  pieces  of  potassium  chlorate  then  added  to  the  heated 
mixture.  This  operation  is  continued  until  the  sulphides  are 
dissolved.  The  residue  of  sulphur  often  withstands  oxidation 
obstinately,  arid  the  reaction  may  therefore  be  discontinued  as 
soon  as  it  is  ascertained  that  the  insoluble  residue  is  sulphur 
alone  (by  its  complete  combustion  upon  ignition).  Arsenic 
goes  into  solution  as  arsenic  acid,  tin,  and  antimony  as  their 
higher  chlorides,  SnCl^  and  SbCl^.  This  reaction  is  mostly 
employed  to  convert  arsenic  sulphide  to  arsenic  acid,  before  its 
subjection  to  confirmatory  tests. 

The  theory  of  the  action  of  chlorine  upon  sulphides,  e.g.^  arsenic 
sulphide,  AsgS^,  is  as  follows : — The  sulphide  passes  into  arsenic  trichloride, 
AsClg,  which  is  next  decomposed  to  arsenious  acid  by  water.  The  latter 
compound  is  then  converted  by  the  excess  of  chlorine  and  in  presence  of 
water  into  arsenic  acid  : 

ASH3O3  +  2C1  +  H2O  =  A8H3O4  +  2HC1. 

^  As  28nOs.  AS2O5  +  IOH3O.  We  see  that  this  salt  is  analogous  to  stannic 
phosphate  in  its  insolubility  in  nitric  acid.  Arsenic  acid  is  apparently  likeviise 
precipitated  hy  antimonic  acid  (Ljubawin). 
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The  sulphur  of  the  sulphide  first  unites  with  the  chlorine,  to  sulphur 
dichloride,  SgCl^,  which  is  decomposed  bj  chlorine  and  water  to  sulphurous, 
and  finally  to  sulphuric  acid. 

The  separation  of  antimony  and  tin  are  discussed  in  later 
paragraphs.  Arsenic  acid,  the  oxidation -product  of  arsenic 
sulphide,  is  recognised  by  the  precipitation  of  the  characteristic 
magnesium  ammonium  arsenate  (Special  Seactions). 

Oxidation  with  cupric  oxide,  —  The  copper  oxide  employed  in  this 
reaction  must  be  prepared  from  cupric  nitrate  at  the  lowest  possible  tem- 
perature, and  very  finely  pulverised.  The  washed  sulphides  are  dissolved 
in  a  porcelain  dish  in  as  little  sodium  sulphide  as  possible,  the  solution 
made  alkaline  by  sodium  hydroxide,  and  cupric  oxide  added  to  this  solu- 
tion while  boiling.  After  standing  for  five  minutes  the  decolorised 
solution  is  filtered.  The  filtrate,  when  cool,  is  diluted  with  ^  to  ^  of  its 
volume  of  alcohol,  and  the  mixture  allowed  to  stand  until  the  sodium 
pyroantimonate  has  completely  subsided.  The  latter  salt  is  filtered  off, 
the  alcohol  removed  by  boiling,  and  ammonium  chloride  added  to  the 
solution,  which  is  then  treated  with  hydrogen  sulphide.  If  a  precipitate 
forms,  the  gas  is  led  through  the  solution  until  this  redissolves.  Ammonium 
magnesium  arsenate  is  precipitated  from  this  solution,  after  the  addition 
of  one -third  of  its  volume  of  ammonia,  and  the  precipitate  filtered  offl 
The  filtrate  is  precipitated  by  hydrochloric  acid,  the  tin  thus  being 
deposited  as  sulphide.  This  method  of  separating  the  metals  of  this 
Division  is  more  accurate  than  the  foregoing,  but  somewhat  complicated 
for  qualitative  analysis. 

§  73.  Properties  of  the  Metals  and  Methods  for  their 
Precipitation. — These  metals  possess  in  the  free  state  so 
many  characteristics,  that  they  can  be  qualitatively  separated 
by  various  means.  The  methods  chosen  are  those  which  assist 
the  further  processes  of  analysis. 

To  precipitate  the  metals  in  qualitative  operations,  we 
employ  reactions  in  which  they  are  deposited  from  solutions, 
and  their  behaviour  toward  hydrochloric  acid.  All  of  these 
metals  are  thrown  down  from  acid  solution  by  zinc.  As  the 
separation  of  arsenic  from  antimony  and  tin  can  be  eflfected  by 
employing  the  properties  of  the  sulphides  (§  71),  this  reaction 
with  zinc,  although  not  fully  accurate,  is  used  for  the  separation 
of  antimony  from  tin.  The  sulphides  having  been  dissolved 
according  to  §  72,  small  pieces  of  zinc  are  added  ta  the  acid 
solution.  Care  must  be  taken  that  the  evolution  of  hydrogen 
does  not  become  too  strong.  (Certain  characteristic  phenomena 
which  may  occur  in  this  reaction  and  aid  the  detection  of  anti- 
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mony  are  given  in  the  special  reactions  of  this  metal.)  Com- 
plete precipitation  requires  several  hours.  The  washed  metallic 
powder  is  next  treated  with  boiling  hydrochloric  acid.  Tin 
goes  into  solution  as  stannous  chloride,  SnCl^,  and  is  recognised 
by  its  characteristic  reactions  (§  74).  Antimony  is  insoluble 
in  hydrochloric  acid,  and  after  collection  upon  a  filter  is  sub- 
jected to  confirmatory  tests. 

Arsenic  is  the  only  metal  of  this  Division  which  is  volatile  ;  and 
this  property,  owing  to  the  facility  with  which  it  is  shown,  and  to 
other  characteristic  phenomena  which  accompany  the  operation,  forms  one 
of  the  best  reactions  of  arsenic.  Tin  gives  on  fusion  a  soft,  and  antimony 
a  brittle  globule.  For  the  purpose  of  examining  their  characteristics, 
the  metals  may  be  reduced  by  the  **  dry  methods."  Various  reducing 
agents  may  be  employed.  Potassium  cyanide  reduces  them  at  a  high 
temperature,  imiting  (under  these  conditions)  with  their  oxygen  or 
sulphur  to  form  potassium  cyanate,  KCyO,  or  sulphocyanate,  KCyS  ; 

A82O3  +  3KCy = 2As  +  3KCyO, 
AsjSs + 3KCy = 2As + SKCyS. 

These  reactions  are  used  to  characterise  the  metals  individually  ;  the 
conditions  of  the  experiments,  and  other  reduction  reactions,  therefore, 
will  be  explained  among  the  Special  Reactions. 


Special  Eeactions 
Tin 

§  74.  Metallic  tin  is  white,  lustrous,  easily  fusible  (228**  C), 
and  malleable  (tinfoil).  It  is  converted  to  the  oxide  by  fusion 
in  the  air.  Tin  dissolves  in  boiling  concentrated  hydrochloric 
acid  to  stannous  chloride,  SnCl^ ;  when  dissolved  in  aqua  regia, 
or  subjected  to  the  action  of  chlorine,  it  passes  into  stannic 
chloride,  SnCl^.  Concentrated  nitric  acid  oxidises  it  to  meta- 
stannic  acid,  while  the  dilute  solvent  converts  it  to  stannous 
nitrate. 

Tin  forms  alloys  with  most  of  the  metals.  Bronze  is  com- 
posed of  tin  and  copper,  solder  of  tin  and  lead.  All  the  easily 
fusible  metals — e.g..  Wood's  metal— contain  tin.  Still  another 
important  alloy,  that  of  tin  with  iron,  or  tin  plate,  may  be 
mentioned.  The  analysis  of  all  these  alloys  is  efifected  by 
solution  in  nitric  acid. 

Precipitation  of  metallic  tin  g  73). — Zinc  precipitates  tin  from  solution 
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as  metallic  leaves  if  the  solution  be  acid,  or  as  a  gray  spongy  mass  if  it  be 
neutral  If  the  reaction  be  made  upon  a  piece  of  platinum  foil,  no  black 
spot  is  obtained  (distinction  from  antimony). 

Tin  has  two  series  of  derivatives,  the  stannous  and  stannic 
salts. 

Stannous  salts, — Stannous  chloride,  from  which  the  other 
stannous  compounds  are  obtained,  is  prepared  by  the  solution 
of  tin  in  concentrated  hydrochloric  acid.  If  the  metal  be 
dissolved  in  cold  dilute  nitric  acid,  stannous  nitrate  is  obtained 
(solution  is  not  accompanied  by  the  evolution  of  nitric  oxide 
fumes).  The  oxygen  of  the  air  quickly  oxidises  stannous  solu- 
tion, the  chloride,  for  instance,  being  converted  to  stannic 
oxychloride,  SnOCl^.  Oxidising  agents  (concentrated  nitric 
acid,  aqiui  reffia,  chlorine)  convert  stannous  compounds,  e,g., 
SnO,  SnS,  into  stannic  acid  (§  75).  Many  other  substances 
produce  the  same  result,  suflfering  reduction  themselves,  while 
the  stannous  compounds  unite  with  their  oxygen,  chlorine,  etc., 
and  pass  into  the  stannic  state : 

SFeClg  +  SnClg  =  SFeClj  +  Sna^, 
^62(80^)3  +  SnCl2  +  HgO  =  2FeS0^  +  H^SO^  +  SnOClj. 

The  stannous  compounds,  as  the  above  equations  show,  are 
powerful  reducing  agents.  Some  of  the  reactions  involved  are 
employed  as  particularly  characteristic  tests  for  tin  in  general, 
and  especially  for  stannous  salts. 

Reactions  of  Stannous  Salts. — Stanrurus  oxide. — The  hy- 
droxide, Sn20(OH)2  or  (OH)Sn  -  0  -  Sn(OH),  is  obtained  as  a 
white,  amorphous  precipitate  when  a  solution  of  stannous 
chloride  is  acted  upon  by  ammonia,  sodium  hydroxide,  sodium 
carbonate,  or  ammonium  carbonate.  The  precipitate  is  soluble 
in  an  excess  of  caustic  alkali,  and  the  solution  forms  a  reduc- 
ing agent,  which  is  often  used  to  effect  oxidation  in  alkaline 
solutions  (§§  63  and  67,  and  below). 

Stannous  sulphide,  SnS  (§  71). — ^The  brown  hydrated  sul- 
phide is  obtained  by  precipitation  of  a  stannous  solution  with 
hydrogen  sulphide.  The  reaction  must  be  made  in  a  solution 
well  diluted  with  water.  The  precipitate  is  almost  insoluble 
in  colourless  ammonium  sulphide,  but  the  yellow  variety  dis- 
solves it  with  formation  of  a  thio-salt,  first  converting  it  to 
stannic  sulphide.     Acids  precipitate  the  higher  sulphide  from 
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this  solution.  Caustic  alkalies  dissolve  stannous  sulphide,  but 
it  is  reprecipitated  by  acids.  It  is  insoluble  in  ammonium 
carbonate.  Boiling  concentrated  hydrochloric  acid  dissolves  it, 
with  generation  of  hydrogen  sulphide.  Concentrated  nitric 
acid  converts  the  monosulphide  to  metastannic  acid,  and  by  the 
action  of  hydrochloric  acid  and  potassium  chlorate,  tin  tetra- 
chloride, SnCl^,  is  obtained. 

Hedudion  reactions, — We  shall  discuss  those  which  are 
most  valuable  as  qualitative  reactions  of  tin,  and  especially 
of  its  stannous  compounds. 

It  may  be  well  to  mention  that,  insomuch  as  the  reactions 
given  below  are  also  caused  by  many  other  substances,  one 
of  two  courses  becomes  necessary  in  employing  them  for  the 
detection  of  tin.  Either  the  absence  of  other  reducing  agents 
must  be  established,  or,  which  is  still  better,  the  experiment  be 
made  with  a  solution  which  can  contain  no  other  metal  than 
tin,  e.^.,  with  the  solution  finally  obtained  in  the  course  of 
analysis.  The  reduction  reactions  serve  as  confirmatory  tests 
for  separations.  The  above  precaution  must  also  be  taken  in 
reactions  with  the  lower  compounds  of  arsenic  and  antimony. 

1.  Mercuric  chloride,  HgClg. — A  small  quantity  of  stannous 
chloride  produces  a  white  precipitate  of  mercurous  chloride, 
HgCL  If  an  excess  of  the  reagent  be  added,  the  precipitate 
becomes  gray  and  metallic  mercury  is  deposited  (§  61). 

2.  Ferric  chloride, — If  ferric  chloride,  FeClg,  be  added  to 
potassium  ferricyanide,  KgFeCyg,  the  solution  becomes  dark,  but 
no  precipitate  forms.  The  addition  of  stannous  chloride  to 
such  a  mixture  produces  a  blue  precipitate  of  ferrous  ferri- 
cyanide. The  reaction  is  dependent  upon  the  conversion  of 
ferric  chloride  to  ferrous  chloride,  FeCl^  (for  equation  see  §  34), 
the  latter  forming  a  blue  precipitate  with  potassium  ferricyanide 
(§37  A).  The  reaction  is  delicate,  and  not  aflfected  by  free 
hydrochloric  acid. 

3.  BismtUh  nitrate, — If  we  add  to  a  stannous  chloride 
solution,  enough  potassium  hydroxide  to  redissolve  the  precipi- 
tate which  at  first  forms,  and  then  bismuth  nitrate,  a  black 
precipitate  of  bismuthous  oxide,  BiO,  is  obtained.  This  is  a 
characteristic  and  delicate  reaction : 

BijjOg  +  SnO  +  2K0H  =  2BiO  +  KgSnOy  +  Bfi, 
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4.  Oold  chloride^  AuClg,  is  not  fullj  reduced,  but  yields,  according  to 
the  concentration  of  the  solution,  either  a  purple-red  precipitate  or  a  red 
liquid  (§  84). 

§  75.  Salts  of  Stannic  Acid  (stannic  oxide). — The  an- 
hydrous stannic  oxide,  SnO^,  possesses  two  hydrates :  stannic 
acid,  SnO(OH)2,  and  metastannic  acid,  SngOg(OH)j^.  These 
yield  the  same  oxide  when  ignited.  They  form  stable  salts 
with  both  acids  and  bases.  For  example,  corresponding  to  the 
anhydrous  stannic  chloride,  SnCl^  (a  liquid  boiling  at  115**  C), 
two  modifications  of  the  hydrated  chloride  are  known :  the  com- 
mon chloride  and  metastannic  chlorida  We  shall  first  discuss 
the  properties  of  stannic  compounds  which  we  meet  in  analysis. 

Stannic  and  metastannic  acids  (§  72). — We  denote  by  the  term  **  meta- 
stannic," the  variety  of  stannic  acid  obtained  by  the  action  of  concentrated 
nitric  acid  upon  metallic  tin.  This  reaction  yields  a  white  precipitate  of 
metastannic  acid,  SngOg(OH)^Q  =  5Sn02  +  5H20,  which  is  almost  insoluble 
in  nitric  acid.  Hot  hydrochloric  acid  does  not  appear  to  dissolve  it,  but 
a  reaction  nevertheless  takes  place,  the  metastannic  acid  being  converted 
to  metastannic  chloride,  which  is  insoluble  in  concentrated  hydrochloric 
acid.  If  the  latter  be  poured  off  and  water  added,  the  hydrated  chloride 
goes  into  solution.  Metastannic  acid  dissolves  in  bases,  with  formation  of 
salts  which  correspond  in  their  composition  to  the  above  formula  of  the 
hydroxide. 

Normal  stannic  acid  forms  a  hydroxide,  SnHgOj  =  SnOg  +  H^O,  a 
chloride,  SnCl^,  which  for  distinction's  sake  may  be  termed  tin  tetra- 
chloride, and  ^0  salts  such  as  NagSnOg.  AU  of  these  compounds  are 
distinct  from  those  of  metastannic  acid,  and  must  be  prepared,  as  we  have 
said,  in  the  absence  of  nitric  acid.  The  compound  serving  as  the  point  of 
departure  in  the  preparation  of  derivatives  of  the  ordinary  stannic  acid  is 
stannic  chloride.  This  salt  is  obtained  by  the  action  of  chlorine  upon  tin, 
or  upon  tin  compounds  in  generaL  It  is  soluble  in  water  and  in  hydro- 
chloric acid,  and  may  be  prepared  by  treating  any  of  the  tin  compounds 
with  hydrochloric  acid  and  potassium  chlorate.  The  addition  of 
ammonium  carbonate  to  its  solution  causes  a  precipitate  of  hydrated 
stannic  acid,  which  is  easily  soluble  in  hydrochloric  or  nitric  acid.  The 
precipitate  dissolves  in  alkalies  with  formation  of  stannates.  (Native 
stannic  oxide,  tinstone,  is  insoluble  in  acids.  When  fused  with  caustic 
potash  it  forms  a  stannate.) 

The  conversion  of  the  one  acid  into  the  other  is  easily  effected.  Meta- 
stannic acid  is  more  stable  in  solution  than  the  common  variety,  and  a 
solution  of  the  latter  is  converted  quickly  on  being  boiled,  slowly  by  time, 
into  metastannic  acid.  If  the  solutions  furnished  for  study  have  been 
prepared  for  some  time,  therefore,  they  contain  a  mixture  of  the  two 
varieties.  In  its  salts,  on  the  contrary,  the  normal  acid  is  the  more 
stable.  The  metastannates,  when  boiled  with  caustic  soda,  and  still  more 
readily  when  fused  with  it,  are  converted  to  sodium  stannate. 
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Distinction  between  the  tioo  adds. — Certain  differences  between  the 
stannic  and  metastannic  chlorides  have  already  been  mentioned  (the 
insolubility  of  the  latter  in  HCl),  but  one  more  distinction  may  be 
noticed.  Stannous  chloride,  SnCl^,  imparts  a  yellow  colour  to  a  solu- 
tion of  metastannic  chloride.  Normal  stannic  chloride  does  not  show 
this  reaction.  There  is  also  a  distinction  in  the  precipitation  of  the 
hydroxides.  Sulphuric  acid  throws  metastannic  acid  down  readily  and 
completely,  while  the  normal  acid  is  deposited  only  from  very  dilute 
solution  (and  on  being  boiled.  An  explanation  is  given  below).  Meta- 
stannic acid  is  also  precipitated  by  ammonia  in  presence  of  tartaric  acid, 
and  this  is  not  the  case  with  the  normal  variety. 

Beactioiis  of  Stannates  (of  stannic  oxide). — The  reactions 
of  this  oxide  of  tin  are  based  upon  the  precipitation  of  stannic 
acid  under  various  conditions.  In  this  regard  the  two  acids 
show  in  many  cases  the  same  behaviour.  Any  distinction 
between  them,  which  occurs  in  the  reactions  given,  will  be 
pointed  out. 

Stannic  acid  is  very  weak,  either  as  a  base  or  an  acid. 
Its  solutions  are  precipitated,  therefore,  both  by  bases  and 
acids,  and  even  by  many  neutral  salts.  As  we  have  already 
said,  the  solutions  with  which  the  student  tries  the  reactions 
usually  contain  both  varieties  of  the  acii 

Stannic  acid. — Cauatic  alkalies,  ammonia^  and  the  car- 
bonates of  sodium  and  ammonium  produce  a  white  precipitate 
of  stannic  or  metastannic  acid.  The  former  dissolves  in 
caustic  alkalies,  but  is  reprecipitated  by  a  great  excess  of  the 
solvent  (especially  of  sodium  hydroxide).  Metastannic  acid, 
on  the  contrary,  is  difficultly  soluble  in  caustic  alkalies 
(especially  in  caustic  soda ;  sodium  metastannate  is  insoluble 
in  this  medium).  In  presence  of  tartaric  acid,  only  meta- 
stannic acid  is  precipitated  by  ammonia. 

Acids. — ^The  behaviour  to  dilute  sulphuric  acid  is  especi- 
ally characteristic.  This  reagent  completely  precipitates  meta- 
stannic acid  from  its  cold  solutions,  but  throws  down  the 
normal  stannic  acid  only  when  the  solution  of  the  latter  is 
very  dilute ;  this  variety,  however,  is  also  fully  deposited  from 
a  hot  solution.  The  solution  with  which  the  experiment  is 
made  must  be  as  exactly  neutral  as  possible.  The  reaction 
can  be  explained  by  the  formation  of  stannic  sulphate, 
which  is  immediately  decomposed  by  water : 

Sn(S0j2  +  2H2O  =  SnOg  +  2H2SO^. 
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Neutral  salts  of  the  alkali  metals,  particularly  sodium 
sulphate  or  ammonium  nitrate  in  cold  saturated  solution, 
precipitate  both  stannic  and  metastannic  acids.  This  is  a 
characteristic  reaction.  To  ensure  complete  precipitation,  the 
solution  must  be  neutralised  with  ammonia  if  acid,  and 
treated  with  the  reagent  while  hot : 

Sna^  +  4Na2S04  +  SHgO  =  Sn02  +  4Naa  +  4NaHS0^. 

The  explanation  given  above  also  serves  for  this  reaction: 
stannic  sulphate  or  nitrate  is  formed  in  the  first  phase  of  the 
reaction,  and  decomposed  by  water  in  the  second. 

tannic  sulphide,  SnS^  (§  71).  —  Hydrogen  sulphide 
throws  down  a  yellow  precipitate  of  stannic  sulphide  (in  a 
solution  of  the  chloride  the  precipitate  is  at  first  white,  but 
finally  becomes  yellow).  The  precipitation  is  complete  only 
in  the  presence  of  very  dilute  hydrochloric  acid.  Slight 
heating  hastens  the  reaction.  The  precipitate  is  readily  dis- 
solved by  ammonium  sulphide  (and  alkali  sulphides).  It  is 
also  soluble  in  caustic  alkalies,  though  not  in  ammonia  or 
ammonium  carbonate,  and  is  dissolved  by  boiling  hydrochloric 
acid  (and  by  aqtui  regia).  Nitric  acid  converts  it  to  meta- 
stannic acid. 

The  reactions  of  precipitation  of  metallic  tin  which  C€Ui  be 
used  in  qualitative  analysis  have  been  mentioned  in  the  last 
paragraph. 

Stannic  and  stannous  compounds. — When  these  occur 
together  they  are  distinguished  by  the  reducing  action  of 
stannous  compounds  (action  upon  HgCl^,  FeClg,  etc.)  To  test 
for  stannic  compounds  we  make  use  of  their  precipitation  by 
sodium  sulphate  or  dilute  sulphuric  acid.  We  have  already 
said  that,  to  determine  the  degree  of  oxidation  of  any  metal, 
tests  must  be  made  in  the  original  solution  (§71):  the  entire 
analysis  must  be  completed,  however,  before  it  is  possible  to 
tell  whether  the  tests  described  are  suitable  or  not.  The  com- 
pounds of  the  metals  of  this  group  which  are  used  in  the  arts 
possess  a  relatively  simple  composition,  and  the  question  here 
presents  no  difficulties. 

Antimony 

§  76.  Antimony  is  a  white,  lustrous,  and  hard    (brittle) 
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metal.  It  is  easily  fusible  (425**  C),  and  volatilises  at  a  very 
high  temperature  (its  boiling-point  is  about  1200°  C.)  Its 
specific  gravity  is  6 '7.  When  heated  in  the  air  the  metal 
first  fuses  and  then  takes  fire,  giving  oflF  white  fumes  (which 
condense  to  crystals)  of  antimony  trioxide.  Antimony  is 
almost  insoluble  in  hydrochloric  and  sulphuric  acids.  By  the 
action  of  nitric  acid  it  is  converted,  according  to  the  con- 
ditions present,  into  antimony  trioxide,  insoluble  in  nitric  acid, 
or  into  antimonic  acid.  We  shall  discuss  the  individual 
properties  of  these  two  series  of  derivatives  somewhat  later, 
and  shall  first  notice  the  reactions  which  are  common  to  both. 

Precipitation  of  metallic  antimony, — 1.  If  free  nitric  acid 
be  absent,  zinc  precipitates  metallic  antimony  in  the  form  of  a 
black  powder.  When  made  as  follows,  the  reaction  is  especi- 
ally characteristic.  A  few  drops  of  the  antimony  solution, 
acidified  by  hydrochloric  acid  (nitric  acid  is  detrimental),  are 
poured  upon  platinum  foil,  and  a  piece  of  zinc  added.  The 
antimony  deposited  covers  the  platinum  with  a  thin  crust, 
and  a  spot,  the  colour  of  which  depends  upon  the  concentra- 
tion of  the  antimony  solution,  is  immediately  formed.  If  the 
latter  be  dilute  the  spot  is  brown -black.  The  reaction  is 
delicate  and  easily  made,  even  with  very  dilute  solutions. 
The  spot  disappears  on  being  heated  with  nitric  acid  (anti- 
monic acid  is  formed). 

2.  Decomposition  of  antimony  hydride. — ^Antimony  hydride 
is  formed  by  the  action  of  zinc  upon  an  acid  solution  of 
antimony  compounds.  When  lighted,  the  gas  bums  with  a 
blue  flame  and  gives  off  heavy  fumes  (due  to  the  formation  of 
antimony  trioxide).  If  a  porcelain  dish  be  held  in  the  flame 
for  a  short  time  a  spot  of  metallic  antimony  is  obtained. 
(It  disappears  again  if  the  flame  touch  only  one  portion  of  the 
dish.)  The  spot  has  a  dull,  black,  non- lustrous  colour.  It 
does  not  vanish  when  moistened  with  sodium  hypochlorite 
(does  not  oxidise:  compare  the  corresponding  reactions  in 
the  Supplement  to  this  group).  The  experiment  is  best  made 
with  a  hydrochloric  acid  solution  of  an  oxygen  compound  (thio- 
compounds  are  less  suitable).  Arsenic  gives  a  similar 
reaction,  and  the  method  of  performing  the  experiment  is 
explained  among  the  special  reactions  of  that  metaL  The 
reaction   is   very  delicate,  but  when  arsenic   is   present   it 
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becomes  diflScult  tx)  discriminate  between  the  spots  of  the  two 
metals  by  any  simple  tests,  and  the  method  will  therefore  not 
be  introduced  in  the  course  of  analysis. 

3.  Soda  and  potassium  cyanide, — ^The  conditions  are  described  under 
arsenic,  §  78.  If  the  reaction  be  made  in  a  glass  tube  the  antimony  is 
nsoally  obtained  as  a  black  powder.  When  exposed  to  the  blow-pipe 
flame  upon  a  charcoal  support  an  antimony  regulus  is  obtained,  which  is 
brittle,  and,  on  being  heated  (and  indeed  after  removal  from  the  flame), 
emits  white  fumes  of  the  oxide.     The  carbon  receives  a  white  coating. 

Salts  of  arUinumious  acid  (antimony  trioxide), — The  repre- 
sentatives of  this  series  of  antimony  compounds  are  :  antimony 
trioxide,  Sb^O^,  antimony  trichloride,  SbClg,  and  a  few  salts  of 
the  oxide.  The  acid  properties  of  the  trioxide  are  slight.  It 
dissolves  in  alkalies,  forming  with  caustic  soda,  for  example, 
the  compound  NaSbO^  (the  solution  has  a  strong  alkaline 
reaction).  The  oxide  dissolves  readily  in  hydrochloric  and 
sulphuric  acids,  but  not  in  nitric  acid.  When  entering  into 
combination  with  acids,  the  hydrogen  of  the  acid  is  usually 
displaced  by  the  basic  radical  SbO.^  The  tartrate  is  especially 
characteristic  Tartaric  acid  easily  dissolves  antimony  trioxide, 
oxychloride,  SbOCl  (see  below),  and  many  other  compounds, 
with  formation  of  the  tartrate,  (SbO)2C^H^Og.  If  potassium 
hydroxide  is  present,  the  double  salt,  K(SbO)C^H^Og,  or  "  Tartar 
emetic,"  is  formed.  The  antimony  in  these  scdts  shows  certain 
reactions  which  diflFer  from  those  of  the  trichloride  The  com- 
pounds of  antimony  trioxide  can  exist  in  acid,  neutral,  or 
alkaline  solution :  we  shall  observe  particularly  the  reactions 
in  acid  solution* 

Reactions  of  antimonioTis  sails. — ^The  reactions  of  this  oxide 
consist  in  the  preparation  of  its  derivatives,  and  in  reduction 
reactions  caused  by  antimonious  acid.  The  latter  are  based 
upon  the  conversion  of  the  antimonious  acid  to  antimonic  acid 
(§  70). 

The  action  of  water  upon  antimony  trichloride  is  a  very 
important  qualitative  reaction,  as  in  analysis  the  antimony 
usually  exists  in  hydrochloric  acid  solutions  (obtained,  for 
example,  by  the  solution  of  SbgOj,  Sb^Sg,  in  the  acid).     Under 

^  Like  the  compounds  of  uranium,  hiamuth,  etc.  These  are  hasic  salts 
resulting  from  the  withdrawal  of  water  from  the  class  of  salts,  Sb(H0)2X  (X  is 
the  radical  of  a  monobasic  acid). 


I  76  REACTIONS  OF  ANTIMONIOUS  SALTS  185 

the  conditions  given  somewhat  farther  on,  water  precipitates 
from  such  a  solution  a  thick,  white,  curdy  oxychloride,  which 
becomes  crystalline  when  a  certain  ratio  is  obtained  between 
the  weight  of  the  water  and  that  of  the  salt : 

SbClj  +  HgO  =  SbOa  +  2Ha 

By  the  prolonged  action  of  a  large  excess  of  water,  this 
compound  is  converted  to  antimony  trioxide : 

gSbag  +  3H2O  =  SbjOg  +  6Ha. 

Large  quantities  of  free  hydrochloric  acid  prevent  the  re- 
action, as  the  acid  redissolves  the  oxychloride  deposited. 
The  strongly  acid  solutions  obtained  in  the  course  of  an 
analysis  must  be  freed  from  their  hydrochloric  acid,  preferably 
by  evaporation,  in  order  to  precipitate  the  oxychloride  by 
water. 

The  action  of  water  upon  antimony  salts  is  distinguished  from  that 
upon  bismuth  compounds  (§  67)  by  the  fact  that  in  the  presence  of  tartaric 
acid  no  precipitation  ensues,  but  a  soluble  antimony  tartrate  is  formed  (see 
above).  It  is  obvious  that  antimony  tartrate  and  antimony  potassiiim 
tartrate  are  not  precipitated  by  water. 

Antimonums  acid. — The  white  hydroxide,  SbO(OH),  is  a 
voluminous  precipitate,  thrown  down  by  caustic  alkalies, 
ammonia,  or  sodium  or  ammonium  carbonate  (antimony 
potassium  tartrate  imdergoes  this  reaction  slowly  and  in- 
completely). The  precipitate  is  soluble  in  an  excess  of 
potassium  hydroxide. 

Antimony  trisvlphidey  SbgS^  (§  71). — Hydrogen  sulphide 
precipitates,  in  solutions  slightly  acidified  by  hydrochloric  acid, 
the  orange-coloured  trisulphide.  Yellow  ammonium  sulphide 
redissolves  the  precipitate  (after  its  transition  to  the  penta- 
sulphide),  and  the  solution  of  the  thio-salt  thus  obtained 
deposits  antimony  pentasulphide  on  the  addition  of  acids. 
The  trisulphide  is  also  soluble  in  caustic  alkalies  (§  71),  but  is 
again  thrown  down  from  the  alkaline  solution  by  acids.  It  is 
insoluble  in  ammonia  or  ammonium  carbonate,  but  dissolves 
in  boiling  hydrochloric  acid  with  evolution  of  hydrogen 
sulphide.  If  the  reaction  be  made  in  the  presence  of  potas- 
sium chlorate,  antimony  pentachloride  is  obtained  in  solution 
(§  ^2). 
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BedtLction  reactions  are  baaed  upon  the  transition  of 
antimonious  acid  to  antimonic  acid  (or  of  the  trichloride  to  the 
pentachloride).  These  reduction  reactions  have  the  same  im- 
portance as  those  of  stannous  tin,  and  must  be  made  with  the 
same  precautions  as  the  reactions  of  the  latter  metal  require. 

1.  Auric  chloride  slowly  deposits  metallic  gold  at  the 
ordinary  temperature : 

2  Auag  +  SSbClj = 2  Au  +  SSba^. 

The  reaction  must  be  made  in  the  presence  of  a  large  excess  of 
hydrochloric  acid  (antimonic  acid  will  otherwise  separate). 

2.  Silver  nitrate  produces  in  an  alkaline  solution  of  antimony 
trioxide  a  brown,  or  almost  black  precipitate  of  silver  oxide, 
silver,  and  antimony.  The  latter  two  can  be  distinguished 
only  after  treatment  of  the  precipitate  with  ammonia,  which 
dissolves  the  silver  oxide : 

AgN03  +  3SbK0j  =  Ag  +  Sb  +  2KSb03  +  KNO3. 

This  reaction  is  characteristic  of  antimony  trioxide,  in  distinc- 
tion from  the  pentoxide. 

Precipitation  of  metallic  antimony, — The  reactions  with 
zinc  are  especially  characteristic.  They  are  described  at  the 
beginning  ofSus  paragraph,  in  the  list  of  reactions  in  which 
metallic  antimony  is  precipitated. 

§  77.  Salts  of  Antimonic  Add. — ^The  cases  in  which 
antimonic  acid  is  formed  have  been  mentioned  in  §  72  (action 
of  concentrated  nitric  acid  upon  antimony  or  the  derivatives  of 
antimony  trioxide).  Its  properties  will  be  described  below. 
It  is  tribasic,  but,  like  phosphoric  acid,  forms  other  series  of 
salts,  i«.,  the  meta-  and  pyroantimonates.  Sodiimi  pyro- 
antimonate  is  an  especially  characteristic  salt.  (For  its  pre- 
paration in  analytical  operations  see  §  72.)  It  is  used 
exclusively  for  the  separation  of  antimony,  but  owing  to  the 
difficulty  in  obtaining  the  reaction  involved,  it  is  employed 
only  in  quantitative  reactions.  Potassiimi  pyroantimonate 
serves  as  a  reagent  for  sodium  (§  12).  Antimony  pentachloride 
(or,  in  general,  the  solution  of  antimonic  acid  in  hydrochloric 
acid)  also  belongs  to  this  series  of  derivatives.  The  solutions 
of  the  acid  in  hydrochloric  acid  are  very  frequently  met  with 
in  practical  work,  and  must  therefore  be  thoroughly  studied. 
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The  reactions  of  antimonates  will  be  discussed  at  the  same 
time. 

Reactions  of  antimonic  salts, — AifUimonic  add  is  obtained 
in  the  following  reactions : — 

1.  Caustic  alkalies,  ammonia,  and  their  carbonates,  produce 
in  acid  solutions  of  antimony  pentachloride  a  white  precipitate 
of  SbO^COH). 

2.  A  white  precipitate  of  the  same  hydroxide  is  obtained 
through  the  action  of  water :  this  reaction  is  similar  to  that 
with  the  trichloride : 

SbClg  +  SH^O  =  SbOgCOH)  +  6Ha 

3.  The  solutions  of  antimonates  are  precipitated  by  acids. 
The  hydrated  antimonic  acid  dissolves  both  in  caustic  alkalies 
and  in  acids.  Antimony  in  its  higher  degree  of  oxidation  is 
especially  characterised  by  the  following  reactions : — 

Potassium  iodide,  when  boiled  with  antimonic  acid  and 
hydrochloric  acid,  becomes  decomposed,  with  liberation  of 
iodine.  The  iodine  dissolves  in  the  hydriodic  acid  formed, 
imparting  a  brown  colour  to  the  liquid,  and,  if  the  solution 
be  strongly  boiled,  violet  fumes  of  iodine  are  given  ofiF.  Anti- 
monic acid  is  converted  in  this  reaction  to  antimonious  acid. 
The  reaction  is  especially  fitted  to  distinguish  the  pentoxide 
from  the  trioxide.  It  may  be  expressed  by  a  formula  in  which 
either  antimonic  acid  or  its  pentachloride  (in  the  latter  case 
the  reaction  is  similar  to  that  between  potassium  iodide  and 
ferric  chloride)  may  serve  as  the  point  of  departure : 

SbClg  +  SKI  =  SbClg  +  2Ka  +  21, 
SbgOj  +  4Ha  +  4KI  =  Sb^Og  +  4Ka  +  41  +  SHgO. 

Antimony  pentasvlphide, — Hydrogen  sulphide  throws  down 
from  acid  solutions  (they  must  be  previously  acidified  if 
neutral)  an  orange -yellow  precipitate,  which  consists  of  a 
mixture  of  the  pentasulphide,  trisulphide,  and  sulphur  (§71  a). 
This  precipitate  dissolves  in  yellow  ammonium  sulphide,  and 
on  the  addition  of  an  acid  the  solution  deposits  the  orange- 
yellow  pentasulphide.  The  properties  of  this  compound  are  in 
every  way  analogous  to  those  of  antimony  trisulphide  (§  76). 

Silver  antimonate. — Silver  nitrate  produces  in  the  solution 
of  an  antimonate  a  white  precipitate  of  silver  antimonate, 
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which  is  soluble  in  ammonia.  In  a  solution  of  antimony 
chloride  the  reaction  is  hidden  by  the  formation  of  silver 
chloride.  This  reaction  distinguishes  antimonic  from  anti- 
monious  acid. 

Frecipitation  of  metallic  antimony, — The  reactions  with 
zinc,  etc.,  are  discussed  in  S  76. 

The  compounds  of  antimonic  and  antimonious  acids,  when 
occurring  together,  are  detected  in  separate  portions  of  the 
solution ;  (1)  antimonious  acid  is  recognised  through  the  reaction 
with  silver  nitrate  in  alkaline  solution ;  (2)  antimonic  acid  by 
that  with  potassium  iodide  in  presence  of  hydrochloric  acid 
(comp.  also  Tin,  §  75). 

Arsenic 

§  78.  Arsenic  is  an  especially  characteristic  metal  It  is 
gray,  has  a  metallic  lustre,  and  is  fairly  stable  in  the  air.  Its 
specific  gravity  is  5*7.  It  is  brittle,  and  readily  pulverised. 
It  volatilises  readily  when  heated,  being  converted  into  vapour 
without  previous  fusion.  If  heated  in  the  air  it  gives  out  a 
characteristic  odour  resembling  garlic  (due  to  oxidation).  The 
metal  is  insoluble  in  hydrochloric  and  sulphuric  acids,  but 
dissolves  in  nitric  acid,  the  latter  oxidising  it  to  arsenious  or 
arsenic  acid,  according  to  the  conditions  present.  Arsenic 
not  only  forms  these  compoimds  and  their  derivatives,  but 
often  occurs,  especially  in  nature,  in  arsenides,  e.g.,  NiAs,  or 
still  more  frequently  combined  with  sulphur,  in  realgar,  AsS, 
and  auripigment,  As^S^.  The  chief  characteristics  of  arsenic 
itself  are  its  volatility  and  the  accompanying  odour.  Its 
behaviour  toward  acids,  when  taken  in  connection  with  the 
readiness  with  which  it  is  precipitated  from  compounds,  render 
reactions  in  which  the  metal  is  deposited  especially  important 
as  qualitative  tests.  We  shall  discuss  these  first,  as  they  are 
common  to  all  arsenic  compounds. 

Bca^ctions  in  which  metallic  arsenic  is  precipitated, — The 
methods  employed  in  making  these  experiments  are  various, 
and  depend  upon  the  special  property  of  the  metal  to  be  used 
for  its  identification — the  characteristic  appearance  of  arsenic, 
condensed  from  its  vapour,  its  smeU,  or,  finally,  its  separation 
from  arsenic  hydrida  These  reactions  will  not  be  included  in 
the  systematic  course.     They  are  used  in  the  preliminary  tests 
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of  the  substance  to  be  analysed  (comp.  Sec.  III.),  and,  more 
especially,  when  the  presence  of  arsenic  in  a  substance  is  to  be 
quickly  decided. 

1.  Bedtcction  by  sodium  carbonate  and  potassium  cyanide, — 
The  test  is  made  in  a  glass  tube,  one  end  of  which  is  blown 
into  the  form  of  a  bulb.  The  thoroughly-dried  arsenic  com- 
pound (the  experiment  is  most  successful  with  an  oxide)  is 
introduced  into  the  bulb,  and  covered  with  six  parts  of  a 
mixture  of  sodium  carbonate  and  potassium  cyanide.  Special 
attention  must  be  paid  to  the  dryness  of  the  substance,  as  the 
successful  outcome  of  the*  experiment  depends  upon  this  point. 
The  bulb  is  at  first  gently  warmed,  and  the  water  which 
appears  is  removed  by  filter  paper  (water  is  due  to  incomplete 
drying).  The  tube  is  then  heated  more  strongly,  whereupon 
the  arsenic  is  deposited  on  the  sides  of  the  tube,  above  the  hot 
portion,  in  the  form  of  a  metallic  mirror.  If  the  test  can  be 
made  in  a  stream  of  carbon  dioxide  (which  requires  an  altera- 
tion in  the  apparatus),  the  delicacy  of  the  reaction  is  still 
further  increased. 

2.  Beduction  with  carbon, — The  oxides  of  arsenic  are 
reduced  by  a  mixture  of  sodium  carbonate  and  carbon,  or  by 
carbon  alone.  The  reduction  with  soda  is  performed  upon  a 
charcoal  support,  before  the  blow-pipe :  the  reduced  arsenic 
bums  away  completely  (white  fumes),  and  in  doing  so  gives 
ofiF  its  garlic -like  odour.  When  carbon  alone  is  used,  the 
reduction  can  be  effected  in  a  tube  drawn  out  to  a  point  at 
one  end  (this  method  is  less  common  than  the  foregoing  one). 
A  small  piece  of  arsenious  acid  (the  most  suitable  compound 
for  this  reaction)  is  placed  in  the  end  of  the  tube,  and  above  it 
is  inserted  a  stick  of  charcoal.  If  the  tube  be  heated  in 
the  spot  where  the  latter  lies,  the  arsenic  acid  vapour  under- 
goes reduction  in  passing  over  the  carbon  and  deposits  its 
metal  as  a  mirror. 

3.  Fredjyitation  by  zinc. — As  metallic  arsenic  is  insoluble  in 
hydrochloric  acid,  it  is  precipitated  from  a  hydrochloric  acid 
solution  by  zinc.  The  experiment  almost  always  gives  rise, 
however,  to  the  formation  of  arsenic  hydride,  and  the  reaction 
with  zinc  is  preferably  obtained,  therefore,  by  the  following 
modification  of  this  method : — 

4.  Decomposition  of  arsenic  hydride, — Arsenic  hydride  is 


190  ANALYTICAL  CHEMISTRY  group  v 

formed  under  conditions  similar  to  those  required  for  the  pre- 
paration of  antimony  hydride.  In  order  to  use  its  formation  as 
a  test  for  arsenic,  the  experiment  is  performed  in  a  small  flask, 
of  about  50  cc.  capacity,  which  is  closed  by  a  double-bored  cork. 
In  one  of  the  perforations  is  inserted  a  thick  glass  tube,  ending 
just  below  the  cork,  and  bent  at  a  right  angle  above  it ;  the 
other  holds  a  fimnel-tube  which  reaches  to  the  bottom  of  the 
flask.  Some  zinc  having  been  placed  in  the  flask,  hydrochloric 
acid  and  water  are  poui-ed  through  the  funnel-tube,  and  the 
flow  of  hydrogen  allowed  to  proceed  for  some  time  (10-15 
minutes,  according  to  the  size  of  the  flask),  until  the  air  has 
been  completely  driven  out  of  the  apparatus.  The  gas 
issuing  at  the  end  of  the  tube  is  then  lighted :  if  an  insufficient 
length  of  time  has  been  allowed,  the  ignition  causes  a  slight 
explosion.^  A  small  poi-tion  of  the  arsenic  solution  is  now 
added ;  care  must  be  taken  not  to  pour  in  too  much,  as  the 
evolution  of  hydrogen  may  become  so  rapid  that  the  liquid 
will  be  forced  out  of  the  apparatus  (the  precipitated  arsenic 
forms  a  galvanic  couple  with  the  zinc).  The  experiment  is 
best  made  with  the  oxides  (the  arsenic  acids  and  their  com- 
pounds). On  the  addition  of  the  arsenic  solution,  the 
hydrogen  flame  assumes  a  blue  colour  and  begins  to  smoke 
(this  results  from  the  arsenic  trioxide  formed).  If  a  porcelain 
dish  be  held  in  the  flame  a  spot  is  obtained,  which  disappears 
again  if  the  same  portion  of  the  dish  be  continually  heated,  as 
the  arsenic  quickly  volatilises.  The  arsenic  spot  is  brownish 
black  and  has  a  strong  metallic  lustre,  which  distinguishes  it 
from  antimony.  It  is  further  characterised  by  its  immediate 
solution  in  sodium  hjrpochlorite.  This  is  one  of  the  most 
delicate  tests  which  we  possess  for  arsenic :  when  only  traces 
of  the  metal  are  sought  for,  the  experiment  must  be  made  with 
greater  caution  (see  Supplement,  the  Marsh  apparatus.  The 
reactions  which  distinguish  arsenic  from  antimony  are  also  there 
given).  Experiments  with  arsenic  hydride  must  be  performed 
with  the  greatest  caution,  as  the  gas  is  a  deadly  poison. 

Arsenious  add  and  its  salts, — ^Arsenious  anhydride,  or  the 
trioxide,  As^Oj,  is  difficultly  soluble  in  water,  in  either  its 

^  The  explosion  can  be  prevented  bv  a  slight  contriyance  attached  to  the 
apparatus.    The  delivery  tabe  is  prepared  in  two  sections,  one  wide  and  the  other    • 
narrow,  which  are  joined  by  a  cork  made  of  wire  netting. 
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vitreous  or  crystalline  modification.  It  dissolves  more  readily 
in  hydrochloric  acid  (on  evaporation  of  this  solution  the  vola- 
tile arsenic  trichloride  is  formed).  Arsenious  acid  has  weak 
acid  properties.  Its  only  soluble  salts  are  those  of  the  alkali 
metals. 

Reactions  of  the  Salts  of  Arsenious  Add. — These  con- 
sist either  in  the  preparation  of  characteristic  arsenites,  or  in 
reductions  which  arsenious  acid  causes  in  passing  into  arsenic 
acid. 

Arsenic  trisidphide,  ASgS^.  —  Hydrogen  sulphide  throws 
down  from  slightly  acid  solutions  a  yeUow  precipitate  of 
arsenic  trisulphide.  Neutral  and  alkaline  solutions  are  not 
precipitated.  The  conditions  of  reaction  are  given  in  §  71. 
The  precipitate  is  insoluble  in  colourless  ammonium  sulphide, 
but  dissolves  in  the  polysulphide  with  formation  of  a  thio- 
arsenate ;  acids  precipitate  arsenic  pentasulphide  from  such  a 
solution.  The  trisulphide  also  dissolves  in  caustic  alkalies 
and  anmionia,  and  its  characteristic  solubility  in  ammonium 
carbonate  distinguishes  it  from  both  tin  and  antimony  sul- 
phides. Arsenic  trisulphide  is  insoluble  in  boiling  hydro- 
chloric or  sulphuric  acid  (distinction  from  Sn  and  Sb).  It  is 
converted  to  arsenic  acid  on  treatment  with  concentrated 
nitric  acid,  or  with  hydrochloric  acid  and  potassium  chlorate, 
and  also  if  fused  with  soda  and  potassium  nitrate.  The 
principal  arsenites,  analytically,  are  the  silver  and  copper  salts. 
These  salts  are  characterised  by  their  reduction  to  metallic 
silver  and  cuprous  oxide  respectively.  The  conditions  under 
which  the  reactions  must  be  performed  are  explained  under 
the  Stannous  Salts. 

Silver  arsenUe,  AgAsOg. — Silver  nitrate  produces  in  solu- 
tions of  arsenites  a  yellowish  white  precipitate  of  silver 
arsenite,  which  dissolves  in  nitric  acid,  ammonia,  or  ammonium 
nitrate.  The  latter  fact  makes  the  precipitation  of  the  silver 
salt  from  a  solution  in  nitric  acid  by  neutralisation  with 
ammonia  extremely  difficult.  Prolonged  boiling  of  a  solution 
of  silver  arsenite  in  ammonia  causes  metalUc  silver  to  be 
deposited,  while  the  acid  is  converted  to  arsenic  acid. 

Copper  arsenite  is  deposited  as  a  yellowish  green  precipitate, 
when  the  solution  of  an  arsenite  is  precipitated  by  copper 
sulphate.     If  a  few  drops  of  the  latter  be  added  to  the  solu- 
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tion  of  an  axsenite  which  has  been  previously  treated  with  a 
fair  amount  of  alkali,  however,  no  precipitate  ensues,  but  a 
blue  coloration  of  the  liquid  is  caused.  If  the  resulting 
solution  be  boiled,  an  orange-coloured  precipitate  of  cuprous 
oxide  separates,  and  the  liquid  becomes  colourless.  The 
arsenious  acid  is  converted  to  arsenic  acid  : 

A8K3O3  +  2CUSO4  +  4K0H  =  AsKgO^  +  CujO  +  2K2S0^  +  2H2O. 

Precipitation  of  metallic  arsenic, — The  reactions  are  given 
at  the  beginning  of  this  paragraph  They  serve  as  good 
qualitative  tests  for  arsenic. 

§  79.  Arsenic  acid  and  its  salts. — Arsenic  acid,  HgAsO^,  is 
similar  in  its  properties  to  phosphoric  acid  (their  salts  are 
isomorphous).  The  salts  of  the  alkahes  alone  are  soluble  in 
water,  but  the  others  dissolve  in  acids,  with  the  same  distinc- 
tion toward  the  various  acids  as  the  phosphates  show.  Ferric 
and  aluminium  arsenates  are  insoluble  in  acetic  acid,  but 
dissolve  in  mineral  acids.  The  mercury,  tin,  bismuth,  and 
ammonium  molybdate  salts  are  insoluble  in  nitric  acid.  From 
both  the  qualitative  and  quantitative  standpoints  the  anmionium 
magnesium  double  salt  is  the  most  characteristic  (as  of  phos- 
phoric acid). 

Reactions  of  Arsenates. — The  reactions  of  arsenic  acid 
consist  in  the  preparation  of  its  characteristic  salts.  It  is 
distinguished  from  arsenious  acid  by  its  inability  to  act  as  a 
reducing  agent. 

Arsenic  pentasuiphide. — Hydrogen  sulphide  precipitates  the 
pentasulphide  from  acid  solutions  (conditions  see  §  71  a). 
Alkaline  and  neutral  solutions  are  not  precipitated,  and  must 
therefore  be  previously  acidified  with  hydrochloric  acid.  The 
reaction  takes  place  very  slowly ;  no  precipitate  at  all  appears 
at  first,  unless  substances  are  present  which  reduce  the  arsenic 
acid,  such  as  a  solution  of  sulphur  dioxide,  or  sodium  sulphite 
and  hydrochloric  acid,  in  which  case  the  sulphide  begins  to 
form  at  once.  If  reducing  agents  cannot  be  used,  the  solution 
is  precipitated  while  warm  (at  about  70**  C),  but  even  then 
the  reaction  is  slow  (the  student  must  bear  this  in  mind). 
Arsenic  pentasulphide  is  obtained  from  its  solution  in  am- 
monium sulphide  (from  the  thioarsenate,  see  §  71),  by  precipi- 
tation with  an  acid.     The  properties  of  the  pentasulphide  are 
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completely  analogous   to  those  of  the  trisulphide,  which  are 
described  in  §  78. 

Ammonium  moffnesium,  arsenate,  Mg(NH^)AsO^,  is  the 
most  characteristic  salt  of  arsenic  acid.  In  presence  of  am- 
monium chloride  and  ammonia,  magnesium  sulphate  precipi- 
tates from  the  solutions  of  arsenates  (under  the  same  conditions 
as  are  required  with  phosphoric  acid,  §  23),  the  white,  crystal- 
line ammonium  magnesium  double  salt.  The  precipitate  is 
only  slightly  soluble  in  water,  but  readily  so  in  acids.  It 
differs  from  the  analogous  phosphate  in  depositing  yellow 
arsenic  pentasulphide  (from  its  acid  solution)  when  treated 
with  hydrogen  sulphide.  The  salt  is  also  distinguished  by 
the  reaction  with  silver  nitrate,  which  it  shows  if,  after  the 
removal  of  ammonium  chloride  by  washing,  it  be  dissolved  in 
nitric  acid.  On  the  addition  of  silver  nitrate  this  solution 
deposits  silver  arsenate.  (Arsenious  acid  forms  an  ammonium 
magnesium  double  salt  which  at  first  view  closely  resembles 
this  compound,  but  it  is  much  more  soluble  in  water.) 

Silver  arsenate,  AggAsO^. — Silver  nitrate  throws  down  a 
brown-red  precipitate  of  silver  arsenate.  This  salt  is  soluble 
in  nitric  acid,  ammonia,  and  ammonium  nitrate;  strongly 
nitric  acid  solutions  are  therefore  not  precipitated  by  ammonia. 
Metallic  silver  does  not  separate  when  the  ammoniacal  solution 
is  boiled  (distinction  from  arsenious  acid).  This  silver  salt 
affords  a  means  of  detecting  arsenic  acid  in  presence  of 
arsenious  acid.  If  it  be  dissolved  in  the  least  possible 
quantity  of  nitric  acid,  and  ammonia  cautiously  added  (drop 
by  drop)  until  the  solution  is  neutral,  the  brown-red  arsenate 
is  first  precipitated,  the  yellow  arsenite  following. 

The  reactions  in  which  metallic  arsenic  is  precipitated  are 
given  in  §  78.  They  are  applicable  to  the  compoimds  of 
arsenic  acid. 

The  salts  of  arsenious  and  arsenic  acids  are  distinguished 
from  each  other  by  the  following  reactions: — 1.  Arsenious 
acid  is  characterised  by  the  reduction  of  its  copper  and  silver 
salts.  2.  Arsenic  acid  is  detected  through  the  formation  of 
its  ammonium  magnesium  double  salt,  its  silver  salt,  and  the 
non- reduction  of  the  latter.  (For  the  use  of  these  reactions 
see  Tin,  §  75.) 
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00XJB8E  OF  ANALYSIS  FOB  THE  METALS  OF  GBOUP  V., 

DIVISION  1 

§  80  A.  Metals  of  Oronp  V.,  Division  1. — The  compounds 
of  the  metals  of  this  Division  may  exist  (1)  in  acid  solutions — 
those  of  the  acids  and  their  compounds  in  hydrochloric  acid, 
aqua  regia,  etc. ;  (2)  in  neutral  solutions,  which  contain  the 
soluble  (alkali)  salts;  (3)  as  thio-salts  in  alkaline  solution. 
Under  any  of  the  three  conditions  the  first  operation  is  to 
obtain  the  metals  as  their  sulphides,  but  since  the  methods 
vary  in  the  difiTerent  cases,  the  latter  must  be  considered 
separately. 

1.  Acid  solutions  are  diluted  with  water,  whether  a  pre- 
cipitate forms  or  not,  and  treated  with  hydrogen  sulphide 
until  precipitation  is  complete  (§71).  It  must  be  remembered 
that  arsenic  acid  is  not  immediately  thrown  down  by  hydrogen 
sulphida  Satisfactory  results  are  obtained  only  when  the 
reaction  is  made  according  to  §  78. 

2.  Neutral  solutions  must  be  acidified  with  hydrochloric 
acid  before  the  precipitation,  the  reagent  being  added  in  drops 
until  the  reaction  is  slightly  acid.  Under  certain  conditions, 
such  as  when  potassium  antimony  tartrate  is  present,  this  may 
result  in  the  formation  of  a  basic  salt.  Such  a  precipitate  is  to 
be  disregarded,  and  the  solution  treated  as  in  the  foregoing  case. 

3.  Alkaline  solutions  must  also  be  acidified,  the  acid  being 
added  cautiously.  If  thio-salts  are  present  its  addition  sets 
hydrogen  sulphide  free  (ammonium  sulphide  and  similar  com- 
pounds are  decomposed),  and  a  precipitate  of  the  metallic 
sulphides  immediately  forms  in  consequence.  To  determine 
whether  the  precipitation  is  already  thorough,  the  filtered 
solution  must  be  again  treated  with  hydrogen  sulphide.  If 
thio-salts  are  present,  hydrochloric  acid  must  be  added  until 
they  are  completely  decomposed. 

The  sulphides  having  been  collected  and  well  washed, 
their  separation  is  next  undertaken.  Beliable  methods  for 
performing  this  operation  are  very  complicated,  and,  as  we 
have  said  in  discussing  the  general  reactions,  the  more  or  less 
inexact  action  of  hydrochloric  acid  or  ammonium  carbonate 
upon  the  sulphides  is  usually  employed. 
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1.  BoUing  the  sulphides  with  hydrochloric  add. — The  pre- 
cipitated sulphides  are  introduced  into  a  small  flask  and  boiled 
with  fuming  hydrochloric  acid  until  the  evolution  of  hydrogen 
sijlphide  ceases  (§  71  d).  The  arsenic  sulphide  is  filtered, 
washed,  and  treated  with  hydrochloric  acid  and  potassium 
chlorate  (§  72).  The  ensuing  solution  (after  concentration,  if 
necessary ;  this  often  causes  sulphur  to  be  deposited)  is  sub- 
jected to  the  characteristic  tests  for  arsenic  acid.  The  solution 
obtained  by  the  action  of  hydrochloric  acid  upon  the  mixed 
sulphides  is  tested  for  antimony  by  pouring  a  few  drops  of  the 
liquid  upon  some  platinum  foil  and  adding  a  piece  of  zinc. 
The  formation  of  a  black  spot  indicates  antimony.  If  antimony 
is  present,  it  is  separated  from  tin  by  the  precipitation  of 
both  metals  by  zinc  and  treatment  of  the  metallic  deposit 
with  boiling  hydrochloric  acid.  The  solution  is  tested  for 
tin  (by  the  action  of  HgCl^,  or  of  FeClg  and  potassium  ferri- 
cyanide,  §  74).  The  black  powder  of  metallic  antimony  left 
upon  the  filter  is  subjected  to  confirmatory  tests  according 
to§  76. 

2.  The  trecUment  of  the  sulphides  with  ammonium  carbonate 
is  carried  out  as  in  §  71  c.  The  liquid  is  filtered,  and  the 
residual  sulphides  of  antimony  and  tin  washed,  dissolved  in 
hydrochloric  acid,  and  treated  as  above.  The  solution  of 
arsenic  sulphide  in  ammonium  carbonate  is  then  decomposed 
by  hydrochloric  acid.  Although  arsenic  sulphide  is  formed  in 
this  operation,  it  is  still  advisable  to  pass  hydrogen  sulphide 
through  the  solution.  The  precipitated  sulphide  having  been 
dissolved  in  hydi*ochloric  acid  and  potassium  chlorate,  it  is 
tested  by  the  reactions  of  arsenic  acid  (as  in  1).  The  method 
is  not  accurate,  and  the  incomplete  separation  may  thus  cause 
some  of  the  reactions  to  fail 

In  accurate  analyses  these  metals  are  separated  by  cupric  oxide  in 
alkaline  solution  (§  72). 

Tests  for  the  degree  of  oxidation  must  be  made  in  a  portion 
of  the  original  solution,  after  the  metals  themselves  have  been 
detected  (§§  77  and  79).  Before  they  are  made,  it  must  be 
decided  whether  the  chosen  reaction  is  possible  in  the  presence 
of  the  metals  which  have  been  foimd. 

B.  Metals  of  Group   F".,  Division  1  from  Groups  7.,  77., 
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IIL,  and  IV. — ^The  course  of  analysis  is  laid  as  in  A,  but 
is  somewhat  complicated  by  the  presence  of  certain  foreign 
metals.  The  first  operation  is,  as  before,  acidifying  with 
hydrochloric  acid.  The  solution  may  in  this  case  also  be 
either  neutral,  acid,  or  alkaline. 

1.  When  an  acid  solution  is  acidified,  a  precipitate  of  silver 
chloride  or  mercurous  chloride  may  result ;  lead  chloride  will 
not  be  fully  deposited.  This  precipitate  is  filtered,  washed, 
and  analysed  according  to  §  68.  In  this  case  hydrochloric 
acid  must  obviously  be  added  until  the  chlorides  are  com- 
pletely deposited. 

2.  A  precipitate  can  also  ensue  when  neutral  or  alkaline 
solutions  are  acidified.  (If  it  redissolves  when  boiled  it  may 
be  neglected.)  If  hydrogen  sulphide  escapes,  the  solution  con- 
tained thio-salts,  and  the  precipitate  consists  of  the  sulphides  of 
Group  V.  This  precipitate  is  treated  as  below,  e.g,,  with 
ammonium  sulphide,  etc. 

After  the  addition  of  hydrochloric  acid  the  solution  is 
precipitated  by  hydrogen  sulphide  (or  H^S  water;  comp.  § 
79,  on  the  precipitation  of  arsenic  acid).  The  precipitated 
sulphides  must  be  thoroughly  washed.  (This  operation  is  con- 
trolled by  evaporating  a  few  drops  of  the  filtrate  upon  platinum 
foil;  see  §  16,  Eemark.)  The  filtrate  is  subjected  to  the 
various  tests  for  Groups  L,  II.,  and  III.  The  moist  precipi- 
tate, which  consists  of  the  sulphides  of  Groups  IV.  and  V.,  is 
removed  to  a  flask  and  twice  (§  71)  digested  with  warm 
ammonium  sulphide.  The  insoluble  sulphides  of  Group  IV. 
are  then  filtered  off,  thoroughly  washed,  and  analysed  according 
to  §  68.  The  ammonium  sulphide  solution  is  diluted  with 
water,  and  the  thio-salts  decomposed  by  the  gradual  addition  of 
hydrochloric  acid.  The  sulphides  of  Group  V.,  which  are  pre- 
cipitated, are  analysed  according  to  A.  If  coppek  is  present 
sodium  sulphide  should  be  substituted  for  ainmoiiium\  sulphide, 
but  in  this  case  mercury  must  be  absent.  v 

It  may  be  remarked,  in  closing,  that  before  perfoniling  all 
these  reactions  in  a  complete  analysis,  it  is  advisable  to^jnake 
the  tests  in  separate  portions  of  the  liquid  or  precipitate.  ^  All 
the  metals  of  the  various  groups  are  seldom  foimd  in  a  sinjgle 
analysis  (for  instance,  the  metals  of  Groups  III.  and  TV.  ne^v^ 
occur  in  alkaline  solution),  and  by  preliminary  tests,  therefore^ 
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much  time  is  saved  which  would  otherwise  be  consumed  by 
the  uimecessaiy  reactions. 


Supplement 


AncUysis  of  tiuy  antimony,  and  arsenic  compounds  which  occur  in  nature. — 
Tin  is  found  in  nature  only  as  tin-stone  (tin  dioxide),  a  mineral  which  is 
insoluble  in  acids,  and  dissolved  for  analysis  by  fusion  with  caustic  potash. 
The  fusion-product  ia  extracted  with  water,  and  a  solution  of  potassium 
stannate  thus  obtained.  Arsenic  often  occurs  in  the  metallic  state,  but 
more  frequently  combined  with  other  metals.  A  few  of  its  compounds 
have  been  considered  under  nickel  and  cobalt  (copper-nickel,  cobaltine, 
etc.,  §  49),  and  still  others  in  connection  with  the  metals  of  Qroup  TV. 
(gray-copper,  §  68).  Arsenical  pyrites,  FeSAs,  may  again  be  mentioned. 
Many  of  these  minerals  are  insoluble  in  acids,  and  must  be  converted  to 
soluble  compounds  by  fusion  with  sodium  carbonate  and  potassium  nitrate, 
treatment  with  chlorine,  or  by  similar  methods.  The  two  sulphides  of 
arsenic,  realgar,  AsSg,  and  orpiment,  AsSg,  are  still  to  be  noticed  The 
methods  for  their  analysis  are  based  upon  the  properties  of  the  sulphides 
and  the  conversion  of  the  latter  to  arsenic  acid  (§72).  The  most  im- 
portant ore  of  antimony  is  the  trisulphide,  which  is  dissolved  by  hydro- 
chloric acid  with  evolution  of  hydrogen  sulphide.  The  compounds  of 
antimony  sulphide  with  the  sulphides  of  other  metals  are  nearly  aU 
soluble  in  hydrochloric  acid,  though  in  some  cases  potassium  chlorate 
must  be  added  to  effect  their  solution. 


Use  of  the  compounds  of  the  metals  of  this  Division  in  analysis. — ^The 
salts  of  stannous  oxide  are  principally  employed  in  analysis  as  reducing 
agents.  Stannous  chloride  is  used  to  reduce  chromic  acid  (§33),  and 
cupric  (§  64)  and  mercury  compounds  (§  61).  Ferric  iron  may  also  be 
determined  volumetrically  hy  a  solution  of  stannous  chloride.  Still  more 
powerful  reducing  effects  are  caused  by  a  solution  of  stannous  oxide  in 
caustic  potash.  The  use  of  this  reagent  is  explained  under  copper  (§63), 
and  bismuth  (§  67).  Arsenious  acid  is  also  employed  in  volumetric 
analysis  as  a  reducing  agent  (Section  II.,  The  Halogens). 


§  81.  Marshes  apparatus, — The  properties  of  antimony  and  arsenic 
hydrides  have  already  been  shown  to  afford  very  delicate  tests  for  the  re- 
spective metals.  The  hydrides  are  decomposed  at  a  high  temperature, 
with  formation  of  a  metallic  spot ;  as  the  investigation  of  the  latter  does 
not  enable  an  accurate  distinction  to  be  made  between  the  two  metals, 
however,  the  experiment  must  be  made  in  another  manner  in  order  to 
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characterise  them.  The  apparatus  used  for  this  purpose,  or  Marsh's  appar- 
atus, as  it  is  called,  consists  of  a  hydrogen  evolution  flask.  The  hydrogen 
generated,  with  the  attendant  antimony  and  arsenic  hydrides,  is  diied  by 
passing  through  a  calcium  chloride  tube,  and  then  led  into  a  tube 
made  of  difficultly  fusible  glass,  which  is  connected  with  the  calcium 
chloride  tube  ;  it  is  slightly  contracted  in  two  or  three  places,  and  its  free 
end  tapers  out  to  a  point.  The  apparatus  having  been  filled  with 
hydrogen,  the  gas  is  lighted  at  the  end  of  the  tube,  and  the  purity  of  the 
materials  used  thus  tested.  This  test  is  made  just  as  the  experiment 
itself,  which  will  be  described  below.  The  glass  of  which  the  apparatus 
is  composed  must  also  contain  no  arsenic.  If  the  result  is  satisfactory,  a 
very  small  quantity  of  the  substance  to  be  investigated  is  introduced  into 
the  flask,  and  the  change  of  colour  in  the  flame  noticed.  A  spot  is  not 
formed  as  in  the  simpler  test,  the  hydride  being  decomposed  by  a  high 
temperature  instead.  To  this  end  the  portion  of  the  tube  in  the 
neighbourhood  of  a  contraction  is  heated  to  redness  by  a  gas-flame.  Any 
arsenic  or  antimony  hydride  passing  over  the  heated  spot  becomes  decom- 
posed, and  the  metal,  which  is  volatile  in  the  hydrogen  current,  is  deposited 
as  a  mirror^  in  the  contracted  portion  beyond.  (Several  mirrors  are 
formed  in  the  different  contracted  portions  of  the  tube.)  The  metallic 
mirrors  show  a  certain  difference,  that  of  antimony  being  silver-white, 
while  a  darker  one  is  formed  by  arsenic  or  arsenic  hydride.  They  also 
vary  in  their  volatility.  The  arsenic  mirror  can  easily  be  driven  from 
place  to  place  by  heating  in  the  stream  of  hydrogen,  and  the  characteristic 
volatility  of  arsenic  without  previous  fusion  is  seen.  Antimony,  on  the 
contrary,  melts  without  volatilising,  and  the  small  globules  of  the  metal 
can  readily  be  observed  through  a  magnifying  glass.  This,  however,  does 
not  suffice  for  the  distinction  between  arsenic  and  antimony,  and  the 
mirror  must  be  more  accurately  tested.  For  this  purpose  we  make  use  of 
the  unequal  volatility  of  the  sulphides  in  a  stream  of  hydrogen  sulphide, 
and  the  still  more  accurate  conversion  of  antimony  sulphide  into  the 
chloride  by  gaseous  hydrochloric  acid  (which  has  no  effect  upon  arsenic 
sulphide).  A  sulphuretted  hydrogen  apparatus  having  been  substituted 
for  the  hydrogen  flask,  dry  hydrogen  sulphide  is  led  over  the  heated 
mirror  (it  must  first  be  proved  that  the  gas  is  pure  and  contains  no 
arsenic).  The  mirror  vanishes,  and  the  sulphides  are  obtained,  the  latter 
varying  both  in  colour  and  volatility.  Arsenic  trisulphide  is  readily 
volatile  and  yellow,  while  the  antimony  compound  is  non-volatile  and 
orange-red  (or  even  black).  The  vapour  of  the  arsenic  trisulphide  con- 
denses beyond  the  heated  spot,  the  antimony  sulphide  remaining  unmoved, 
and  the  difference  in  the  colours  is  thus  easily  observed.  This  reaction 
having  been  satisfactorily  made,  the  next  and  principal  test  is  instituted. 
The  hydrogen  sulphide  apparatus  is  taken  away,  and  in  its  stead  a  hydro- 
chloric acid  generator  is  attached  to  the  tube  and  the  dry  gas  led  over  the 
heated  sulphides.  Antimony  sulphide  is  converted  to  the  chloride,  which 
is  volatile  in  an  atmosphere  of  hydrochloric  acid.  It  may  be  absorbed,  if 
necessary,  in  a  receiver  filled  with  water  and  tartaric  acid.      Arsenic 

^  Retgers  (Zeits,  f,  anorganische  Chemie^  iv.  739)  has  shown  that  the  mirror 
18  formed,  not  by  metallic  arsenic,  but  by  the  brown,  solid  arsenic  hydride,  AsH. 
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sulphide  undergoes  no  change  and  the  yellow  deposit  of  the  latter  remains 
in  the  tube.  Another  method  of  analysis  is  based  upon  the  variations 
seen  in  the  behaviour  of  arsenic  hydride  and  antimony  hydride  toward  a 
solution  of  silver  nitrate.  This  test  requires  the  previous  purification  of 
the  gases.  They  are  conducted  through  a  solution  of  lead  acetate,  which 
frees  them  from  hydrochloric  acid  (if  the  hydrogen  was  prepared  from 
zinc  and  hydrochloric  acid)  or  from  hydrogen  sulphide  (which  is  some- 
times present  in  hydrogen  prepared  from  zinc  and  sulphuric  acid).  The 
purified  gases  are  then  passed  through  a  solution  of  silver  nitrate. 
Antimony  hydride  precipitates  black  silver  antimonide,  while  arsenic 
hydride  throws  down  metallic  silver  and  becomes  oxidised  to  arsenious 
acid  * 

3  AgNOj + SbH, = Sb  Ags + SHNOg , 
6AgN0, + AsHg + SHjO = 6  Ag  +  HjAsO, + eHNO,. 

The  precipitate  is  filtered,  washed,  and  the  antimony  dissolved  by  boiling 
with  water  and  tartaric  acid  (the  resulting  solution  is  tested  according  to 
§  76).  Arsenic  remains  in  the  filtrate  as  silver  arsenite,  and  upon 
cautious  neutralisation  with  ammonia  the  yellow  salt  will  be  deposited. 
If  the  silver  be  precipitated  from  this  solution  by  hydrochloric  acid,  the 
arsenic  may  also  be  thrown  down  by  hydrogen  sulphide  as  arsenic  tri- 
sulphide.  The  confirmatory  tests  for  arsenic  must  be  made  in  either 
case. 


GEBMANIUM,    VAKADIXTM,    MOLYBDENUM,    TUNQSTEN, 

SELENIUM,  TELLUEIUM 

GEBMANIUM 

§  82.  Germanium  was  discovered  by  C.  Winkler  in  argyrodite  (com- 
pound of  the  sulphides  of  silver  and  germanium,  3Ag2S  +  GeSj),  a  silver 
ore  found  in  Freiberg,  Saxony.  The  metal  also  occurs  in  veiy  small 
quantities  in  euxenite  from  Bogero,  Sweden. 

Germanium  is  a  brittle,  gray  metal  and  does  not  oxidise  in  the  air.  It 
dissolves  in  aqua  regia,  and  is  oxidised  by  nitric  acid  to  germanium  oxide, 
GeOjy  which  is  white.  Germanious  oxide,  GeO,  is  also  known.  The 
sulphides  correspond  to  the  two  oxides ;  GeSg  is  a  white  precipitate 
which  is  thrown  down  by  hydrogen  sulphide  from  acid  solutions,  and 
soluble  in  ammonium  sulphide.  Germanium  chloride,  GeCl^,  boils  at 
84°  C.  The  germanium  salts  show  no  especially  characteristic  reactions. 
In  the  metallurgy  of  the  native  germanium  compounds,  this  metal  is 
obtained  in  solution  with  the  thio-salts  of  Group  V.  The  liquor  is  diluted 
with  water,  and  the  fifth- group  sulphides  precipitated  by  an  exactly 
sufficing  quantity  of  dilute  sulphuric  acid.  Germanium  sulphide  must 
remain  in  solution,  which  necessitates  222  parts  of  water.  The  solution 
is  evaporated,  and  the  sulphide  thrown  down  by  an  acid,  in  presence  of 
hydrogen  sulphide. 
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VANADIUM,  MOLYBDENUM,  TUNGSTEN 

These  metals  are  in  part  analogous  to  phosphorus  (vanadium),  and  in 
part  to  sulphur  (molybdenum  and  tungsten).  Their  hydrated  oxides, 
like  those  of  arsenic,  possess  almost  exclusively  the  character  of  acids ; 
e.g,y  vanadic  acid,  HgVO^,  molybdic  acid,  HjMoO^,  and  tungstic  acid, 
HjWO^.  Their  oxides  are  stable  at  a  high  temperature,  and  for  this  reason 
the  metals  are  classed  with  Qroup  Y.  Division  1.  Their  sulphides  are 
also  precipitated  by  hydrogen  sulphide,  and  form  thio- salts  with  soluble 
sulphides. 

Vanadium  often  accompanies  iron  and  copper  in  their  ores,  and  is  found 
in  some  clays,  and  in  rare  minerals;  e.g.,  in  vanadinite  (lead  vanadate),  and 
volborthite  (copper  vanadate).  It  has  several  degrees  of  oxidation — the  mon- 
oxide, yO,sesquioxide,  orvanadious  oxide,  V^Og,  dioxide,  VOgyandpentoxide, 
or  vanadic  acid,  V^O^.  These  oxides  have  their  corresponding  chlorides.  The 
monoxide,  YO,  is  gray,  and  was  at  first  mistaken  for  the  metal  itsel£  It 
dissolves  in  acids  with  evolution  of  hydrogen,  the  blue  solution  formed 
being  a  strong  reducing  agent.  Yanadious  oxide  is  black,  and  dissolves 
in  acids  with  oxidation  to  vanadic  acid.  Yanadic  pentoxide,  YgO^  (the 
hydrate  is  unknown),  forms  easily  fusible,  transparent,  reddish  crystals, 
which  dissolve  with  difficulty  in  water,  but  readily  in  acids.  The  salts 
of  vanadic  acid  are  analogous  to  those  of  phosphoric  acid,  and  are  for  the 
most  part  metavanadates,  as  (NHJYO3  ;  the  mineral  compounds  are  tri- 
basic  (orthovanadates)  e.g.,  Pb3(VO^)2 ,  Cu3(YO^)2 .  The  alkali  vanadates  are 
soluble,  though  the  ammonium  salt  is  difficultly  so.  Yanadyl  trichloride, 
YOCI3  (a  liquid  boiling  at  127"  C),  is  similar  to  phosphorus  oxychloride; 
water  decomposes  it  to  vanadic  and  hydrochloric  acids. 

Beadions  of  vanadic  acid  and  its  salts. — 1.  The  reactions  of  vanadic  acid 
in  add  solution  consist  entirely  in  reductions,  in  which  the  yellow  or 
brown  solution  becomes  blue  (reduction  to  the  monoxide).  This  reaction 
is  caused  by  zinc,  sulphurous  acid,  or  hydrogen  sulphide.  The  action  of 
ammonium  sulphide  is  discussed  below. 

2.  The  reactions  of  vanadates  consist  in  the  formation  of  characteristic 
salts  of  the  acid.  Acids  impart  a  yellow  (reddish)  colour  to  their 
solutions. 

Vanadium  oxysulphide,  Y^SgOj. — Ammonium  sulphide  causes  a  black 
solution  of  a  thiovanadate,  without  the  formation  of  a  precipitate.  On 
the  addition  of  hydrochloric  acid  this  solution  deposits  a  brown  precipitate 
of  Y2S3O2. 

Ammonium  varuidate, — Ammonium  chloride  produces  a  white  pre- 
cipitate of  (NH^)Y03,  insoluble  in  ammonium  chloride  (it  is  used  in 
quantitative  estimations). 

The  silver,  lead,  and  copper  salts  are  yellow  precipitates  which  dis- 
solve in  nitric  acid.  Copper  orthovanadate  is  a  green  precipitate 
(distinction  from  the  meta-salt). 

Tannic  acid  gives  (especially  in  acid  solutions)  a  black  colour.  The 
borax  bead  assumes  a  green  colour  in  the  reduction  fiame. 

Analysis  of  vanadinite^  PbCl2  +  Pb3(Y04)2. — This  mineral,  which  is 
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rare,  dissolves  in  nitric  acid.  The  solution  is  gently  heated  with  am- 
monium sulphide  and  ammonia,  the  lead  filtered  off,  and  vanadium  oxy- 
sulphide  precipitated  by  an  acid.  The  dried  precipitate  is  ignited,  fused 
with  a  small  quantity  of  potassium  nitrate,  and  the  potassium  vanadate 
obtained  then  precipitated  by  ammonium  chloride.  The  ammonium  salt 
yields  vanadium  pentoxide  on  ignition,  and  this  is  weighed.  The  same 
method  (sometimes  with  previous  fusion  with  potassium  nitrate)  is 
followed  in  the  analysis  of  other  mineral  vanadates  (of  iron,  copper,  etc.) 
Roscoe  has  recently  recommended  for  quantitative  determinations  the 
basic  lead  salt  (which  is  to  be  dried  at  100"  C.) 

Molybdenum  is  found  in  molybdenite,  M0S2,  wulfenite,  PbMoO^,  and 
more  rarely  as  molybdic  ochre,  M0O3.  It  has  several  degrees  of  oxidation. 
The  lower  oxides,  MojOg  and  MoOg  are  converted  by  ignition  in  the  air, 
or  by  the  action  of  nitric  acid,  into  molybdic  acid ;  all  the  oxides  are 
reduced  in  hydrogen  to  the  shining  white  metal  (soluble  in  nitric  acid  and 
aqua  regia).  Molybdenum  unites  with  chlorine  in  various  proportions, 
and  also  forms  an  oxychloride.  The  fluorides  form  many  double  salts,  such 
as  KjMoOgFl^  +  HgO,  etc. 

Beactions  of  molybdic  add  and  its  salts, — Molybdic  trioxide,  the  acid 
anhydride,  forms  white  scales,  and  can  be  sublimed.  When  ignited,  it  is 
insoluble  in  acids  (the  non-ignited  oxide  is  somewhat  soluble).  Its  hydrate, 
molybdic  acid,  which  is  obtained  by  precipitation  with  acids,  is  soluble  in 
an  excess  of  the  precipitant,  and  if  this  solution  be  dialysed,  molybdic  acid 
is  obtained  in  a  soluble  modification.  The  molybdates  contain  a  varying 
quantity  of  the  metal :  neutral  alkali  molybdates,  e.g,,  EgMoO^,  are 
soluble  in  water.  Phosphomolybdic  acid,  §  50.  The  reactions  of  acid 
solutions  of  molybdic  acid  consist  mostly  in  reductions,  and  are  charac- 
terised by  a  change  in  the  colour  of  the  solution.  Zinc  (copper)  and 
stannous  chloride  produce  blue  solutions  of  very  complicated  molybdenum 
oxides  (MgOg,  MgOg,  etc)  Hydrogen  sulphide  precipitates  neither  acid 
solutions  of  molybdic  acid  nor  those  of  its  salts  immediately ;  but  a  brown 
precipitate  of  M0S3  separates  (from  acidified  solutions)  on  prolonged  action 
of  the  gas.  This  precipitate  dissolves  in  ammonium  sulphide  as  the  thio- 
salt,  (NH^)2MoS^  ;  and  acids  throw  down  M0S3  from  the  latter  solution. 
If  compounds  of  molybdenum  be  heated  with  a  drop  of  sulphuric  acid 
upon  platinum  foil,  the  acid  turns  blue. 

Analysis  of  wulfenite,  PbMoO^. — The  pulverised  mineral  is  decomposed 
by  hot  nitric  acid.  The  solution  is  warmed  with  ammonia  and  ammonium 
sulphide,  and  molybdenum  sulphide  then  precipitated  by  nitric  acid 
from  the  thiomolybdate  formed.  The  precipitate  is  collected,  dried  at 
100**  C,  on  a  weighed  filter,  and  then  weighed.  A  known  quantity  of  it 
is  then  reduced  by  heating  in  a  bulb-tube  in  a  current  of  hydrogen,  and 
the  quantity  of  molybdenum  calculated  from  the  weight  of  the  MoSj 
formed  and  the  original  weight  of  the  precipitate. 

Molybdenite  is  ignited  in  the  air,  extracted  with  ammonia,  and  pre- 
cipitated by  mercurous  nitrate.  The  precipitate  is  collected  upon  a 
weighed  filter  (and  dried  at  100°  C.) ;  a  weighed  portion  is  then  ignited 
in  a  current  of  hydrogen.  The  weight  of  the  MoOj  formed  gives  the 
weight  of  the  entire  precipitate. 

Tungsten. — ^Tungsten  occurs  in  nature  as  calcium  tungstate  (scheelite). 
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CaWO^ ,  and  as  FeMn( W04)2  (wolfram).  The  metal  is  obtained  by  reduction 
of  the  oxides  in  hydrogen  (or  with  carbon ;  ferro- wolf  ram  with  80  per  cent 
of  tungsten  has  recently  been  obtained  in  this  way).  It  oxidises  to  tungsten 
trioxide  on  ignition  in  the  air,  but  is  insoluble  in  acids.  It  unites  with 
chlorine  in  several  proportions  (WClg,  WCI5,  WCl^)  :  these  compounds  are 
decomposed  by  water.    Tungsten  also  forms  double  fluorides,  as  K^WO^Fl^. 

Eeadums  oftimgstie  add. — The  anhydride,  WO3, is  yellow,  and  insoluble 
in  either  water  or  acida  After  fusion  with  acid  potassium  sulphate  and 
digestion  with  water  (it  does  not  dissolve  immediately)  the  fusion-product 
goes  into  solution  as  a  mixture  of  potassium  tungstate  and  tungstic  acid 
(especially  in  presence  of  ammonium  carbonate — distinction  from  silica). 
It  forms  soluble  salts  when  fused  with  potassium  and  sodium  carbonates. 
Hydrochloric  acid  throws  down  from  the  solution  of  a  timgstate  a  white 
precipitate,  which  becomes  yellow  when  boUed,  and  consists  of  the  hydrated 
acid  W0(0H)4  ;  this  is  insoluble  in  acids  (distinction  from  Mo),  but 
dissolves  in  ammonia.  The  insoluble  tungstates  of  calcium,  barium,  lead, 
silver^  and  mercury,  form  white  precipitates.  Hydrogen  sulphide  throws 
down  the  brown  tungsten  sulphide,  WS3  (only  from  acid  solutions),  which 
dissolves  in  ammonium  sulphide  to  the  thiotungstate,  (NHJ^WS^. 
Stannous  chloride  or  zinc  (with  hydrochloric  acid)  causes  its  solutions  to 
assume  a  beautiful  blue  colour  (reduction  to  WgO^).  Metatwngstic  ticid,  or 
soluble  tungstic  acid,  is  formed  by  the  action  of  sodium  tungstate  upon 
the  insoluble  acid,  or  merely  by  that  of  acetic  or  phosphoric  acid  upon 
solutions  of  tungstates.  The  metatungstates  form^  (e.^.,  NajW^O^j)  are 
completely  soluble  in  water.  Metatungstic  acid  is  converted  by  the 
action  of  alkalies  to  tungstic  acid.  The  latter,  like  molybdic  acid,  forms 
complicated  compounds  with  phosphoric  acid  (both  phosphomolybdic  and 
phosphotungstic  acids  form  difficultly  soluble  salts  with  the  alkalies, 
ammonia,  and  the  organic  ammonias). 

Analysis  of  wolfram, — ^The  lixiviated  mineral  is  heated  with  a 
mixture  of  concentrated  hydrochloric  acid  (4  parts)  and  nitric  acid  (I 
part),  and  evaporated  to  dryness  on  the  water-bath.  On  digestion  with 
water  the  tungstic  acid  remains  as  a  residue.  It  is  filtered,  washed  with 
alcohol,  and  dissolved  in  anmionia  (which  often  leaves  a  residue  of  niobic 
acid).  The  ammoniacal  solution  is  evaporated,  the  residue  ignited  in  the 
air,  and  the  tungstic  acid  weighed. 


SELENIUM,  TELLUBIUM 

§  83.  These  metals  are  analogous  to  sulphur,  and  their  compounds 
are  isomorphous  with  those  of  the  latter.  They  are  placed  in  Group  V. 
because  hydrogen  sulphide  throws  down  their  sulphides  and  the  pre- 
cipitates are  soluble  in  ammonium  sulphide. 

Seleililim  occurs  in  nature  in  selenides  (of  lead,  copper,  mercury), 
and  sometimes  with  iron  in  pyritea  It  is  obtained  as  a  red  powder 
from  the  deposits  in  the  sulphuric  acid  chambers  in  the  manufacture  of 
that  acid.  Selenium  is  st«el-gray,  fuses  at  217*"  C,  and  is  soluble  in 
carbon  disulphide.  When  quickly  cooled  down  from  the  fused  state,  it 
forms  a  brown  powder  which  is  insoluble  in  carbon  disulphide  (see 
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Sulphur).  When  deposited  from  compounds  it  is  red  (see  below).  It 
boils  at  700°  C,  and  when  heated  in  the  air  oxidises  to  selenious  acid, 
which  possesses  a  characteristic  smell  resembling  that  of  decayed  radish. 
Nitric  acid  and  aqua  regia  dissolve  the  metal,  with  production  of  selenious 
acid. 

Eeactiona  of  sdenious  acid  arti  its  salts, — Selenious  anhydride,  SeOj, 
gives  off  yellow  vapours  at  200°  C,  which  recondense  to  white  needles  on 
cooling.  Selenious  aqid  forms  salts  analogous  to  the  sulphides  ;  only 
the  alkali  selenites  are  soluble.  The  lead  and  mercury  salts  are  difS- 
cultly  soluble  in  nitric  acid.  Hydrogen  sulphide  precipitates  (only  from 
acid  solution)  yellow  selenium  sulphide,  the  composition  of  which  is 
undetermined  ;  it  is  soluble  in  ammonium  sulphide.  Barium  chloride 
throws  down  white  BaSeOj,  soluble  in  acids.  Selenium  is  characterised 
by  the  ease  with  which  it  undergoes  reduction  (distinction  from  sulphur). 
Stannous  chloride  and  sulphurous  acid  (in  presence  of  HCl)  precipitate 
the  metal  as  its  red  modification  from  hot  solutions,  while  if  the  latter  be 
cold  the  gray  variety  is  deposited. 

Reactions  of  selenic  acid, — Selenic  acid,  HjSeO^,  is  a  thick  liquid. 
The  alkali  salts  are  prepared  by  the  fusion  of  metallic  selenium  or  selenium 
dioxide  with  potassium  carbonate  and  nitrate.  Solutions  of  selenates  are 
unstable  ;  when  warmed  with  hydrochloric  acid,  selenious  acid  is  formed 
and  chlorine  escapes.  Potassium  selenocyanate,  KCNSe,  obtained  by  the 
action  of  potassium  cyanide  upon  selenium  or  its  derivatives  in  a  current 
of  hydrogen,  does  not  deposit  its  selenium  when  exposed  to  the  air 
(comp.  Tellurium).  Selenium  compounds  colour  the  non- luminous 
flame  blue. 

Analysis  of  Selenides  (Section  IL,  Sulphur). — ^This  is  accomplished 
by  treatment  with  chlorine  in  a  difficultly  fusible  glass  tube.  The 
volatile  selenium  chloride  passes  into  a  receiver  filled  with  water,  where 
it  decomposes  to  selenious  acid,  and  is  further  oxidised  to  selenic  acid  by 
the  saturated  chlorine  solution.  It  may  then  be  determined  quantita- 
tively as  barium  selenate  (y,  estimation  of  sulphuric  add.  Part  II., 
Sulphur).  The  non- volatile  chlorides,  PbCl^,  AgCl,  remain  in  the  bulb 
of  Uie  tube.  The  presence  of  sulphide^  does  not  render  an  alteration  in 
the  process  necessary.  The  sulphate  and  selenate  are  weighed  together  ; 
a  portion  of  the  precipitate  is  then  reduced  in  hydrogen,  whereupon 
barium  selenite  is  formed,  and  this  salt  extracted  with  hydrochloric  acid. 
The  residual  sulphate  is  weighed,  and  from  the  data  found  the  propor- 
tions in  the  original  precipitate  are  calculated.  An  accurate  metiiod  of 
estimating  selenium  is  based  on  the  action  of  hydrochloric  acid  gaa. 
The  liberated  chlorine  is  led  into  a  potassium  iodide  solution,  and  the 
free  iodine  estimated  volumetrically. 

Telluiinm  is  found  pure  in  the  metallic  state  and,  very  rarely,  as 
tellurous  acid.  Tellurium  is  white,  has  a  metallic  lustre,  fuses  at  above 
500°  C,  and  is  volatile.  When  heated  in  the  air  it  bums  with  a  greenish 
blue  flame  and  emits  white  fumes  of  tellurous  acid.  This  compound  is 
also  formed  when  the  metal  is  dissolved  in  nitric  acid. 

Reactions  of  tellurous  acid, — Tellurous  anhydride,  TeOj,  is  white, 
fuses  at  a  red  heat,  and  at  a  very  high  temperature  is  volatile.  It  is 
almost  insoluble  in  water,  but  dissolves  in  alkalies  and  in  hydrochloric 


204  ANALYTICAL  CHEMISTRY  group  v 

acid.  If  this  solution  be  diluted  witli  water,  the  white  TeH^Oj,  which 
is  Bomewhat  soluble  in  water  and  acids,  is  precipitated.  Alkalies  and 
carbonates  throw  down  a  white  precipitate  of  the  hydrate,  which  is 
easily  soluble  in  an  excess  of  Uie  precipitant.  Hydrogen  sulphide 
throws  down  from  acid  solutions  a  brown  precipitate  which  dissolves 
readily  in  ammonium  sulphide.  (The  precipitate  is  apparently  only  a 
mixture  of  Te  and  S.)  Sodium  sulphite,  stannous  chloride,  and  zinc, 
precipitate  black  metallic  tellurium. 

Betietions  of  telluric  acid, — Potassium  tellurate  is  formed  in  the 
fusion  of  tellurium  or  its  compounds  with  potassium  carbonate  and 
nitrate.  Its  solutions,  and  also  those  of  other  tellurates,  liberate  chlorine 
when  boiled  with  hydrochloric  acid,  tellurous  acid  being  formed.  If 
tellurium  or  its  compounds  be  fused  ^-ith  potassium  cyanide  in  an 
atmosphere  of  hydrogen,  potassium  tellurocyanate  is  formed,  which  is 
easily  soluble  in  water.  Exposure  to  the  air  causes  all  the  tellurium  to 
separate  from  this  solution  as  the  metaL 

The  analyds  of  tellurium  compounds  is  effected  by  the  methods  which 
are  employed  for  selenium.  On  treatment  with  chlorine,  tellurium 
chloride  (a  solid)  sublimes.  The  solution  of  tellurous  acid  obtained  is 
precipitated  by  sulphurous  acid,  the  metallic  tellurium  collected  upon  a 
weighed  filter,  dried  at  100*  C,  and  its  weight  determined. 


GEOUP  v.,  DIVISION  2 

GOLD,  PLATINTTM  (nUDIXTH) 

Hydrogen  sulphide  precipitates  gold  and  platinum  from 
acid  solution  as  their  sulphides,  AuS  and  PtS2,  which  dissolve 
in  ammonium  sulphide  (and  alkali  sulphides)  to  thio- salts 
(concerning  the  solubility  of  platinum  sulphide  in  ammonium 
sulphide,  see  the  Special  Eeactions  of  Platinum,  §  85).  They 
are  distinguished  from  the  metals  of  Division  1  principally 
in  the  character  of  the  reactions  which  they  afford ;  the  in- 
solubility of  their  sulphides  in  hydrochloric  or  nitric  acid  is 
also  noticeable.  When  fused  with  potassium  nitrate  and 
sodium  carbonate,  they  are  reduced  to  the  metallic  state. 

The  instances  in  which  these  elements  are  met  with  in 
analysis  are  very  simple ;  and  as  their  characteristic  properties 
are  also  so  easily  shown,  we  may  neglect  the  consideration  of 
their  general  reactions,  and  confine  ourselves  to  a  brief  dis- 
cussion of  the  manner  in  which  the  individual  properties  of 
the  metals  and  their  compounds  are  employed.  Metallic  gold 
and  platinum  are  marked  by  their  stability  at  a  high  tempera- 
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ture:  and  this  property,  together  with  their  readily -effected 
separation  from  compounds,  renders  their  analysis  exceedingly 
simple.  In  separations  from  other  metals  (gold  and  platinum 
are  usually  found  in  alloys),  advantage  is  taken  of  their 
behaviour  toward  acids.  They  dissolve  neither  in  ordinary 
acids  nor  on  fusion  with  acid  potassium  sulphate,  though  con- 
verted to  the  chlorides,  AuClj  and  PtCl^,  by  the  action  of 
aqua  regia.  The  reactions  in  which  they  are  precipitated 
from  solution  in  the  metallic  state  are  also  used  as  qualitative 
tests.  These  reactions  are  caused  by  a  variety  of  substances 
(ferrous  sulphate,  oxalic  acid,  potassium  nitrite,  etc.)  The 
action  of  sulphurous  acid  is  exceptional.  This  reagent  does 
not  immediately  reduce  the  metals  to  the  metallic  state, 
but  yields  double  salts  (aureus  and  platinous),  such  as 
AuN'a3(SOg)2,  Pt!N'a2(S03)2.  Gold  is  precipitated  by  sulphurous 
acid  only  from  hot  solutions.  All  these  reactions  are 
founded  upon  the  properties  of  the  metals  themselves ;  few  of 
the  compounds  are  employed  in  analysis.  The  chlorides, 
AuCL  and  PtCL,  unite  with  other  chlorides  to  form  double 
auri-  and  platinichlorides,  such  as  (NHJAuCl^,  (NH^)2PtClg. 

In  addition  to  these  chlorides,  the  salts  AuCl  and  PtClg  ^i^  ^dso 
known.  Each  metal  forms  two  series  of  oxides — the  lower,  AugO  and 
PtO,  the  higher,  An203  and  PtOg.  The  latter  possess  almost  no  basic 
properties,  but  unite  readily  with  bases ;  auric  oxide  forms  with 
caustic  potash  the  so-called  potassium  aurate,  EAuOj ;  and  platinum 
yields  a  similar  compound  :  it  is  for  this  reason  that  the  alkali  must  not 
be  fused  in  platinum  dishes. 

Having  noticed  the  particular  properties  of  gold  and 
platinum  which  must  be  held  in  mind  in  the  study  of  these 
metals,  we  at  once  proceed  to  the  special  reactions. 


Special  Eeaotigns 

Gk)ld 

§  84  Gold  is  a  yellow,  very  lustrous,  soft,  and  malleable 
metal,  which  imdergoes  no  change  when  ignited  in  the  air, 
and  fuses  only  at  a  very  high  temperature  (about  1035°  C.) 
Its  specific  gravity  is  19 '2  6.  Its  capability  of  uniting  with 
other  elements  is  slight,  and  all  its  compounds  are  decomposed 
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on  ignition,  with  separation  of  the  metal  It  is  insoluble  in 
hydrochloric,  nitric,  and  sulphuric  acids,  or  on  fusion  with  acid 
potassium  sulphate  (separation  from  other  metals).  Chlorine 
and  liquids  which  evolve  chlorine  dissolve  it.  Its  customary 
solvent  is  aqua  regia,  which  converts  it  to  auric  chloride, 
AUCI3.  This  compound  decomposes  on  gentle  ignition  to 
chlorine  and  aureus  chloride,  AuCL  Auric  chloride  forms 
double  salts  with  many  other  metallic  chlorides,  and  these 
are  almost  all  soluble  compounds,  such  as  ammonium  auri- 
chloride,  (NH^)AuCl^  (separation  from  platinum).  The  other 
gold  halogenides  (bromide,  iodide,  cyanide)  also  form  many 
double  salts. 

Beactions  of  auric  salts. — The  typical  salt  of  auric  gold  is 
the  chloride.  The  reactions  of  this  degree  of  oxidation  consist 
exclusively  in  the  separation  of  metallic  gold  and  reduction  to 
the  aureus  state. 

Auric  oxide, — Caustic  potash  throws  down,  but  only  from  concentrated 
solutions,  a  dark  brown  precipitate  of  the  hydroxide,  Au(0H)3,  which  dis- 
solves in  an  excess  of  the  reagent  to  form  potassium  aurate,  EAuOg. 
Auric  oxide  is  most  conveniently  precipitated  by  magnesia.  The  hydrox- 
ide is  insoluble  in  any  dilute  acid  except  hydrochloric ;  it  dissolves  in 
concentrated  acids  (sulphuric,  nitric),  but  is  again  precipitated  on  dilution 
with  water.  It  resolves  into  oxygen  and  aurous  oxide,  AU2O,  on 
being  heated. 

liedv/ition-reactions, — 1.  Ferrous  sulphate  precipitates  fix)m 
cold  solutions  a  brown  powder  of  metallic  gold,  being  converted 
itself  to  the  ferric  salt : 

AuClj  +  SFeSO^  =  Au  +  ¥e^{SO^^  +  FeClj. 

2.  Oxalic  add  has  an  especially  characteristic  action.  If 
auric  chloride  (free  from  nitric  acid)  be  warmed  with  a  solution 
of  oxalic  acid,  the  gold  either  separates  in  metallic  flakes  or  is 
deposited  as  a  mirror  upon  the  sides  of  the  vessel  The 
oxalic  acid  is  oxidised  to  carbon  dioxide : 

2AUCI3  +  aCjHgO^  =  2Au  +  6CO2  +  6HCL 

Gold  is  also  precipitated  from  its  solution  by  potassium 
nitrite,  sulphurous  acid  (on  being  warmed),  formates,  tannic 
acid,  and  many  other  substances. 

3.  Stannous   chloride.  —  If   a  mixture    of  stannous   and 
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stannic  chlorides  be  added  to  a  dilute  auric  chloride  solution 
a  brown  or  purple  precipitate  (Cassius's  purple)  is  deposited, 
which  is  insoluble  in  hydrochloric  acid. 

Gold  siUphide, — Hydi'ogen  sulphide  throws  down  from  cold 
solutions  a  black  precipitate  of  AuS.  Boiling  solutions  are 
completely  reduced  to  metallic  gold  by  its  action : 

BAuClg  +  SHgS  +  1  SHgO  =  8Au  +  SHgSG^  +  24HCL 

Gold  sulphide  is  insoluble  in  acids,  but  dissolves  to  a  thio-salt 
in  ammonium  sulphide. 

Platinum 

§  85.  Platinum  is  gray,  lustrous,  soft,  and  malleable.  It 
possesses  the  high  specific  gravity  2 1*4  6.  It  is  not  altered 
by  ignition  in  the  air,  but  fuses  in  the  oxy-hydrogen  flame  at 
1775*".  Like  gold,  it  dissolves  neither  in  acids  nor  on  fusion 
with  acid  potassium  sulphate.  With  aqim  regia,  and  by  the 
action  of  chlorine  in  general,  it  is  converted  to  platinic  chloride, 
PtCl^,  which  forms  many  double  salts,  or  platinichlorides. 
If  platinic  chloride  be  gently  heated  it  splits  up  into  platinous 
chloride,  PtClg,  and  chlorine.  On  ignition  of  the  salts,  metallic 
platinum  is  obtained. 

Reactions  of  Platinic  Salts. — The  reactions  of  platinic 
chloride  will  be  studied.  They  are  as  a  rule  similar  to  those 
of  gold,  but  the  reduction-reactions  proceed  more  slowly. 

Platinic  oxide,  PtOg ;  hydroxide,  Pt(OH)^.  —  Neither  potassium 
hydroxide  nor  carbonate  precipitate  platinic  chloride  solutions.  On 
evaporation  of  a  solution,  to  which  one  of  these  reagents  has  been  added, 
platinic  oxide  and  the  alkali  (or  calcium  oxide,  magnesium  oxide,  etc) 
are  obtained  in  a  state  of  combination.  If  this  compound  be  treated  with 
dilute  acetic  acid,  a  brown  precipitate  of  platinic  oxide  separates. 

jReduction-reactioTis. — Ferrotis  sulphate  throws  down  metallic 
platinum  on  prolonged  boiling  with  a  platinic  chloride  solution; 
free  mineral  acids  prevent  the  precipitation.  Stannous  chloride 
produces  no  precipitate,  but  gives  a  brown  solution  (reduction 
from  platinic  to  platinous  chloride).  Potassium  nitrite  causes 
no  precipitate  inunediately,  but  after  standing  for  some  time 
the  solution  deposits  the  yellow  double  salt,  K2Pt(N02)^. 

The  platinicMorides  are  the  most  characteristic  compounds 
of  platinum.     The  ammonium  and  potassium  platinichlorides, 
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(NH^2^tClg  and  K^PtClg,  are  the  most  important  salts  of  this 
class,  as  they  are  fairly  insoluble  compounds.  They  are  pre- 
pared by  the  action  of  ammonium  chloride  or  potassium 
chloride  upon  a  solution  of  platinic  chloride,  and  are  deposited 
as  yellow  crystalline  precipitates,  which  are  only  slightly 
soluble  in  water  and  not  at  all  so  in  alcohol  and  ether.  For 
the  conditions  imder  which  they  are  formed,  and  their  em- 
ployment in  analysis,  compare  §  8.  Dilute  solutions  are 
evaporated  with  platinic  chloride  to  dryness  upon  the  water- 
bath,  and  the  residue  extracted  with  a  mixture  of  alcohol  and 
ether. 

Platinic  sulphide,  PtSg,  is  a  black  precipitate  thrown  down 
by  hydrogen  sulphide,  but  slowly  and  only  after  the  solution 
has  remained  saturated  by  the  gas  for  a  long  time.  It  is  in- 
soluble in  all  acids  except  aqua  regia.  Pure  PtS^  is  insoluble 
in  ammonium  sulphide,  but  if  precipitated  together  with  the 
metals  of  Groups  IV.  and  V.  it  dissolves  to  a  certain  extent. 
In  the  systematic  course  of  analysis,  therefore,  tests  must  be 
made  for  it  in  both  of  these  groups.  In  Group  IV.  it  will  be 
found  with  the  mercuric  sulphide,  as  platinic  sulphide  is  in- 
soluble in  nitric  acid  when  precipitated  from  hot  solutions. 
In  this  case  the  sulphides  are  dried  and  heated  in  a  glass  tube 
open  at  one  end,  whereupon  the  mercuric  sulphide  sublimes. 
Platinic  sulphide  is  converted  into  the  metal  by  ignition  in  the 
air. 

87STEMATI0  OOUBSE  OF  ANALYSIS 

§  86  a.  Metals  of  Group  V.  Division  2  (Gold  and  platinum). 
— llie  solution  is  evaporated  with  ammonium  chloride  to  dry- 
ness on  the  water-bath,  and  the  residue  extracted  with  alcohol, 
which  dissolves  the  ammonium  aurichloride.  Gold  is  detected 
in  this  solution,  after  removal  of  the  alcohol  (by  evapora- 
tion on  the  water-bath),  by  precipitation  with  ferrous  sulphate, 
§  84.  The  platinum  remains  in  the  residue  extracted  with 
alcohol,  as  an  insoluble  platinichloride  (together  with  the 
excess  of  ammonium  chloride).  This  residue  is  dried,  and  its 
metallic  platinum  obtained  by  ignition. 

6.  Oold,  platinum,  and  the  metals  of  the  previous  Oroups. — 
In  practical  work  these  metals  are  found  only  in  the  analysis 
of  alloys^  which  will  be  discussed  among  the  examples  in 
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quantitative  analysis.  They  are  separated  by  treatment  with 
acids  or  fusion  with  acid  potassium  sulphate,  which  leaves 
the  gold  and  platinum  undissolved.  This  method  is  almost 
universally  employed.  The  presence  of  either  metal  in  the 
substance  to  be  analysed,  however,  necessitates  no  change  in 
the  combination  of  the  reactions.  The  solution  is  acidified 
with  hydrochloric  acid,  as  explained  in  §  80,  and  precipitated 
by  hydrogen  sulphide  (see  the  precipitation  of  gold  sulphide 
and  platinic  sulphide).  The  sulphides  of  Group  IV.  are  next 
separated  by  ammonium  sulphide,  and  those  of  Group  V.  again 
thrown  down  by  hydrochloric  acid.  All  of  these  operations 
are  described  in  §  80.  Gold  and  platinum  are  reduced  by 
fusion  with  sodium  carbonate  and  potassium  nitrate,  the  fused 
mass  containing  them  in  the  metallic  state.  They  remain 
imchanged  throughout  all  the  operations  which  the  alloys 
undergo,  and,  after  solution  in  agua  regia,  are  detected  as  in 
the  beginning  of  this  paragraph. 

The  following  method  of  Bcparating  the  two  Divisions  of  this  Qroup  is 
more  complicated,  but  also  more  accurate. 

The  dried  sulphides  of  Group  V.  are  stirred  together  with  a  mixture 
consisting  of  four  parts  NH^Cl  and  one  part  NH^NOg,  and  ignited  in  a 
porcelain  boat  inserted  in  a  tube  in  a  combustion  furnace.  The  volatile 
chlorides  of  Sn,  Sb,  As,  are  drawn  by  means  of  an  aspirator  into  a 
receiver  containing  water,  while  the  gold  and  platinum  remain  in  the 
boat 

Supplement 


Ancdyns  of  native  gold  and  platinum  compounds, — Gold  occurs  almost 
invariably  in  the  metallic  state,  usually  containing  more  or  less  silver 
(6-16  per  cent).  It  is  also  found,  but  very  seldom,  combined  with 
telliunum,  and  many  pyrites,  especially  arsenical  pyrites,  contain  this 
metal.  It  likewise  occurs,  though  in  small  quantities,  in  a  great  number 
of  the  silver,  copper,  and  lead  ores.  Their  analysis  is  effected  by  the 
methods  given  in  the  foregoing  paragraphs.  The  occurrence  of  platinum 
and  the  analysis  of  its  ores  are  explained  in  §  69. 

2 

IRIDIUM 

Iridium  is  found  associated  with  platinum.  Although,  by  the 
definition  given  of  the  metals  of  the  first  Division  of  this  Group,  iridium 

P 
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should  be  classed  with  them,  it  may  be  more  properly  discussed  at  this 
point,  as  it  is  very  closely  analogous  to  platinum.  As  regards  the 
platinum  metals  in  general,  and  also  concerning  their  occurrence  (in  the 
platinum  ores  and  osmiridium),  we  refer  to  the  remarks  found  in  §  69. 
Iridium  is  insoluble  in  all  acids,  including  aqua  regia  (in  the  form 
obtained  by  reduction  from  solution  with  formic  acid  it  is  soluble).  It 
does  not  go  into  solution  when  fused  with  acid  potassium  sulphate,  though 
it  becomes  oxidised  ;  on  fusion  with  sodium  oxide  (and  with  potassium 
nitrate  in  the  air),  it  forms  peculiar  and  somewhat  soluble  compounds  with 
the  alkali.  Chlorine  is  the  best  reagent  by  which  to  effect  its  solution. 
It  unites  with  this  element  to  form  IrClg,  a  salt  which  yields  double  com- 
pounds with  other  chlorides,  e.g.y  KglrClg  (insoluble).  If  iridium  be  heated 
in  a  stream  of  chlorine,  in  presence  of  potassium  chloride  (or  some  other 
metallic  chloride),  another  class  of  salts  is  formed  (for  example,  K^IrCl^ ; 
this  salt  is  sparingly  soluble,  and  used  in  the  separation  of  iridium). 
This  series  of  compounds  is  unstable,  and  passes  easUy  into  the  foregoing 
class. 

Reactions  of  iridium  salts  (higher  compounds). — Caustic  alkalies  produce 
in  boiling  solutions  a  dark-blue  precipitate  of  Ir(OH)^  which  is  insoluble 
in  all  acids  except  hydrochloric.  The  formation  of  the  difficultly  soluble 
double  salts,  KglrClg  and  (NH4)2lrClg,  which  are  deposited  as  black  pre- 
cipitates on  the  addition  of  potassium  or  ammonium  chloride,  is  charac- 
teristic. On  the  addition  of  potassium  nitrite  to  a  hot  solution,  the  latter 
first  becomes  yellow,  and  finally  deposits  a  precipitate  of  the  same  colour, 
which  is  insoluble  in  water  or  acids.  Hydrogen  sulphide  first  causes 
reduction,  and  then  throws  down  a  black  precipitate  of  Ir2S3.  Iridium 
compounds  are  easily  reduced  to  the  metal.  Sulphurous  acid  (sulphites), 
formic  acid  (from  hot  solutions),  and  zinc  and  hydrochloric  acid,  cause  its 
complete  reduction.  Stannous  chloride,  ferrous  sulphate,  and  oxalic  acid 
convert  it  to  lower  degrees  of  oxidation.  For  the  separation  of  iridium 
from  other  metals,  and  the  analysis  of  osmiridium,  see  §  G 9. 

COMPLETE  OOUBSE  OF  ANALYSIS  FOB  THE  DETECTION 

OF  METALS 

§  87.  Now  that  all  the  metals  have  been  studied  and  the 
systematic  course  has  been  elaborated,  it  may  be  well  to  de- 
scribe collectively  the  operations  required  in  analyses  which 
involve  the  detection  of  any  or  all  the  metals.  I  hope  that 
the  student  is  already  sufficiently  acquainted  with  the  opera- 
tions, to  judge  for  himself  concerning  the  advice  which  I  shall 
first  give  as  regards  the  practical  side  of  the  work,  and  pre- 
suppose that  intelligent  study  of  the  course  of  analysis  has 
already  made  him  familiar  with  the  other  side.  The  rapidity 
with  which  analyses  may  be  carried  out  depends,  first,  upon 
the  neatness  of  the  work,  and,  secondly,  upon  the  intelligent 
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employment  of  time.  The  value  of  neatness  in  work  is 
diflficultly  expressed  in  a  few  words,  if  not  already  made  clear 
to  the  student  by  the  experiences  through  which  he  has 
certainly  passed.  The  reactions  involved  in  an  analysis  must 
necessarily  be  made  under  the  given  conditions.  If  a  thorough 
preliminary  knowledge  is  acquired  (by  study  of  the  general 
and  special  reactions),  a  condition,  which  for  the  moment 
may  seem  unimportant,  will  not  escape  the  eye.  Pre- 
cipitations which  effect  the  separation  of  groups  or  single 
metals  must  be  thorough,  and  their  thoroughness  must  be 
ascertained  by  confirmatory  tests.  Special  attention  must  be 
paid  to  the  washing  of  precipitates,  and  here,  also,  a  confirma- 
tory test  alone  can  prove  that  the  operation  is  finished.  These 
measures  for  ensuring  careful  work,  which,  in  my  opinion,  have 
the  greatest  influence  upon  the  rapidity  of  an  analysis,  seem 
for  the  moment,  but  only  for  the  moment,  to  be  complicated 
and  wearisome.  A  perfect  reaction  is  obtained  only  in  this 
way.  Careless  work  brings  only  confusion,  a  result  which  is 
hardly  to  be  wondered  at,  if  the  precipitates  are  not  well  washed, 
the  solutions  incompletely  precipitated,  etc.  The  reactions  are 
not  obtained,  and  the  analysis  must  be  commenced  over  again. 
Loss  of  time  invariably  results  from  a  repetition  of  the  analysis, 
while  by  careful  and  neat  work  this  is  entirely  obviated.  By 
the  intelligent  use  of  his  time,  I  mean  that  the  student,  while 
engaged  in  one  operation,  e.g.,  precipitation  or  washing,  must 
take  up  another  simultaneously,  without  waiting  uselessly 
until  the  first  is  finished ;  in  other  words,  he  should  accustom 
himself  to  performing  two  operations  (neatly)  at  once;  for 
instance,  to  precipitate  a  solution,  and  at  the  same  time 
investigate  a  precipitate  already  obtained,  eta  As  it  seldom 
happens  that  the  substance  to  be  analysed  contains  all  the 
metals  of  all  the  groups,  it  is  convenient  to  make  a  pre- 
liminary test  (§  80)  before  each  separation-reaction,  and  thus 
to  do  away  with  unnecessary  operations.  Attention  is  finally 
called  to  the  value  of  notes  (sufl&ciently  full)  upon  the  reactions 
obtained  in  the  analysis. 

Before  passing  to  the  complete  course  of  analysis,  I  wish 
to  remind  the  student  again,  that  the  conditions  to  which 
references  are  made  must  be  most  carefully  observed. 

1.  Addvlation  or  precipitation  with  hydrochloric  acid. — 
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Conditions  and  necessity  for  acidulation,  §  80  A.  Precipitation, 
§  80  B.  The  thoroughly-washed  precipitate  is  examined  accord- 
ing to  §§  68  and  58.     Solution  is  investigated  according  to  2. 

a.  Action  of  boiling  water — test  for  lead. 

b.  Action  of  ammonia — ^mercurous  mercury. 

c.  Action  of  nitric  acid  upon  ammoniacal  solution — Ag. 
Confirmatory  tests  for  these  metals. 

2.  Separation  of  Groups  IV,  avd  Y,  from  Groxips  L,  IL, 
HI. — Dilution  with  water,  §§  80  and  68;  precipitation  by 
hydrogen  sulphide,  §§80  and  68  (attention  to  the  behaviour 
of  arsenic  acid  noticed  in  §  79).  The  precipitate  contains  the 
metals  of  Groups  IV.,  V.,  while  Groups  I.,  IL,  III.,  remain  in 
solution.  The  precipitate  is  next  to  be  examined.  The  filtrate 
is  treated  as  in  6. 

3.  Separation  of  Groups  IV,  and  V. — Filter,  and  treat  the 
precipitate,  after  a  thorough  washing,  with  ammonium  poly- 
sulphide,  §  80.  Filter  and  wash  the  residual  precipitate  with 
water  and  ammonium  sulphide.  The  precipitate  contains 
metals  of  Group  IV. ;  their  detection,  5.  The  metals  of  Group 
V.  are  in  solution. 

4.  Detection  of  metais  in  Group  V — The  solution  of  the  thio- 
salts  is  precipitated  by  hydrochloric  acid  according  to  §  80, 
and  the  sulphides  washed.     Treat  with  boiling  HCl,  §  80. 

a.  As  (Au,  Pt)  remains  in  the  precipitate.  Detection  of 
As,  §  80 :  confirmatory  tests,  §  79.  (Gold  and  platinum  are 
detected  as  in  §  86.) 

b.  Sn  and  Sb  are  obtained  in  solution.  Detection  of  Sn, 
by  the  reaction  with  zinc  upon  platinum  foil,  §  76.  Precipita- 
tion of  the  solution  by  zinc,  §  80. 

c.  Solution  of  the  deposited  metals  in  boiling  HCl; 
separation  of  Sn  and  Sb.  Detection  of  Sn  by  HgCl^,  etc., 
§§  80  and  74.     Confirmatory  tests  for  Sb,  §  76. 

5.  Detection  of  the  metals  of  Group  IV : 

a.  The  precipitate  (see  3)  of  the  sulphides  is  boiled  with 
HNO3.  Detection  of  Hg,  §  68  (v.  also  §  57 ;  confirmatory 
tests  for  Hg,  §  61.     Possible  presence  of  platinum,  §  85). 

b.  The  solution  is  precipitated  by  very  dilute  H^SO^. — 
Detection  of  Pb,  §  66. 

c.  The  filtrate  from  the  lead  sulphate  is  precipitated  by 
ammonia — Bi,  §  68  ;  confirmatory  tests,  §  67. 
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d.  The  ammoniacal  solution  (when  coloured  blue  by 
copper)  is  treated  with  potassium  cyanide  and  precipitated  by 
hydrogen  sulphide,  §  59 — Ceidmium. 

e.  Detection  of  copper  in  the  remaining  solution,  §§59 
and  63. 

The  following  method  can  be  substituted  for  that  given  in 
c,  d,  e. 

(/,  The  filtrate  from  PbSO^  is  partially  neutralised,  and 
the  still  acid  solution  treated,  while  boiling,  with  sodium  thio- 
sulphate.  Detection  and  separation  of  Cu  and  Bi,  §  59 ; 
confirmatory  tests,  §§63  and  67. 

d\  The  filtrate  fix)m  copper  and  bismuth  sulphides  is 
treated  with  hydrogen  sulphide ;  detection  of  Cd.  Confirmatory 
tests,  §  65. 

6.  Separation  of  Group  III,  from  Groups  I.  and  II, — The 
filtrate  from  2  (the  presence  of  phosphates,  etc.,  is  determined 
by  neutralisation  with  ammonia,  after  the  hydrogen  sulphide 
has  been  removed  by  boiling,  §§  51,  68)  is  precipitated  by 
ammonium  sulphide,  careful  attention  being  paid  to  the  con- 
ditions in  §§  48  B  and  40.  The  precipitate  contains  the 
metals  of  Group  III.  (and  phosphates,  etc.)  Groups  I.  and  II. 
remain  in  solution :  the  method  for  their  investigation  is  given 
in  10. 

7.  Detection  of  the  metah  of  Group  III,  Division  3  : 

a.  Treatment  of  the  washed  precipitate  with  cold  dilute 
HCl,  §  48.  NiS  and  CoS  remain  in  precipitate.  Divisions  1 
and  2  go  into  solution. 

6.  Solution  of  the  precipitates  in  aqiMi  regia  (preliminary 
tests  with  borax  bead  and  microcosmic  salt). 

c.  Separation  of  Ni  and  Co  through  their  double  salts  with 
potassium  cyanide  and  nitrite,  §  48  A. 

8.  Metals  of  Group  III,  Division  1. — The  solution  is 
oxidised  (§  40),  and  precipitated : 

a.  With  barium  carbonate,  §  40  B  and  §  28  (if  chromium 
is  present;  preliminary  test,  §  35.  Test  with  H3SO4  to 
ascertain  the  presence  of  barium,  8  *  and  9);  or  (in  absence  of 
chromium)  with  sodium  acetate,  §  40  B.  Al,  Cr,  Fe,  are 
precipitated  (together  with  phosphates,  etc. ;  see  below),  and 
the  solutions  contain  Mn,  Zn,  and  the  metals  of  Group  II.  (even 
if  phosphates  were  present). 
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b.  The  metals  of  Division  1  are  detected  according  to  §  35. 
The  precipitate  having  been  dissolved  in  hydrochloric  acid  (and 
barium  removed  if  necessary),  the  hydroxides  are  next  thrown 
down  by  ammonia.  Chromium  is  separated  by  boiling  with 
nitric  acid  and  potassium  chlorate,  or,  if  possible,  by  bromine 
in  presence  of  sodium  acetate,  §  35. 

c.  In  the  first  case,  the  solution  must  be  precipitated  by 
ammonia ;  in  the  second,  the  separation  and  detection  of  Al 
and  Fe  by  caustic  soda,  §  28  B,  may  be  directly  effected  (con- 
firmatory tests,  §§  28,  31). 

d.  Chromium  is  in  solution  as  a  chromate;  detection  of 
chromium,  §  33. 

8*.  Phosphates,  etc, — Test  for  their  presence,  §  51.  Course 
of  Analysis,  §  51. 

9.  Metals  of  Group  IIL,  Division  2. — The  solution  obtained 
in  8  is  investigated  according  to  §  40  (after  removal  of  barium 
if  its  carbonate  has  been  employed). 

a.  Precipitation  with  ammonium  sulpliide,  §  40.  Separa- 
tion of  Zn  from  Mn  by  action  of  acetic  acid  upon  the  sulphides, 
§  40.     Detection  of  Zn,  §  39,  and  of  Mn,  §§  40  and  38. 

i.  Test  for  the  absence  of  metals  of  Group  11.  (Indication 
of  phosphates,  etc.) 

10.  Separation  of  Group  IL  (with  the  exception  of  mag- 
nesium).— The  solution  obtained  in  6  is  boiled,  to  remove 
ammonium  sulphide  (§35  B),  and  then  precipitated,  according 
to  §  24,  with  ammonium  carbonate;  the  conditions  mentioned 
must  be  carefully  fulfilled.  The  precipitate  contains  the 
carbonates  of  Ba,  Sr,  Ca ;  Mg  and  the  alkali  metals  remain  in 
solution.     Examination  of  the  solution,  12  and  13. 

11.  Tests  for  the  vietals  of  Group  IL  are  made  as  in  §  22. 
The  precipitated  carbonates  are  dissolved  in  HCl. 

a.  If  barium  is  present  (determined  by  a  preliminary  test, 
§  22),  the  solution  is  precipitated  by  ammonium  chromate 
according  to  §  22. 

b.  Ba  is  obtained  in  the  precipitate,  and  detected  as  in 
§  22  and  §  19. 

c.  The  solution  is  again  precipitated  by  ammonium 
carbonate  and  ammonia,  the  precipitate  washed,  dissolved  in 
HCl,  and  treated,  hot,  with  ammonium  sulphate.  The  pre- 
cipitate is  tested  for  strontium,  §§22  and  20. 
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d.  The  solution  of  ammonium  sulphate  is  precipitated  by 
ammonium  oxalate.     Detection  of  Ca,  §  21. 

12.  Detection  of  rrmgnesium. — A  portion  of  the  solution 
from  10  is  tested  for  Mg  with  acid  sodium  phosphate,  §§  24 
and  23. 

13.  Separation  of  magnesium  from  the  metals  of  Group  I, — 
If  magnesium  has  been  found,  the  solution  is  evaporated  to 
dryness  and  the  residue  ignited  until  the  anmionium  salts  have 
volatilised.  The  solution  of  the  residue  is  treated  with  calcium 
oxide,  §  24,  whereupon  Mg  is  obtained  in  the  precipitate 
and  the  metals  of  Group  I.  in  solution.  The  precipitate  may 
be  used  for  confirmatory  tests  for  magnesium  (after  the  removal 
of  calcium  oxide),  see  14. 

14.  Detection  of  the  metals  of  Group  I. — ^The  calcium  is 
removed  from  solution  by  ammonium  oxalate,  and  the  ammonium 
salts  driven  off  by  ignition  (§  24).  The  residue  is  then  dissolved 
in  water,  and  the  following  tests  (§  14)  made  in  separate 
portions  of  the  solution : 

a.  Precipitation  with  tartaric  acid ;  detection  of  K,  §  7. 
J.  Precipitation  with  potassium  pyroantimonate ;  detection 
of  Na,  §  12. 

Confirmatory  tests  are  made  by  flame  colorations ;  §  9. 

1 5.  Detection  of  ammxmia, — Ammonia  must  be  detected  in 
a  portion  of  the  original  solution,  through  its  liberation  by 
caustic  potash;  §  13. 

Remark  1. — Eeactions  to  determine  the  various  degrees  of  oxidation 
of  the  metals  must  be  made  in  the  original  solution. 

Rehabk  2. — In  a  complete  analysis,  the  operations  of  acidifying  with 
hydrochloric  acid  (1),  and  precipitation  by  hydrogen  sulphide  (2),  must  be 
especially  noticed,  since  they  also  serve  to  detect  certain  acids,  as  will  be 
explained  in  §  105. 


SECTION  II 


THE  METALLOIDS 

This  Section  contains  all  the  elements  which  have  not  yet  been 
discussed.  They  are  not  precipitated  by  hydrogen  sulphide, 
ammonium  sulphide,  ammonium  carbonate  (or  sodium  phos- 
phate), and  they  form  no  soluble  sulphides  similar  to  those 
of  the  alkali  metals.  The  Section  includes  the  halogens, 
fluorine,  sulphur,  nitrogen,  phosphorus,  carbon,  boron,  and 
silicon.  The  typical  compounds  which  it  is  best  to  study  are 
those  with  hydrogen  or  oxygen  (or  both),  i,e.,  the  acids  and 
their  salts. 

Althongli  the  metalloids  are  few  in  number,  their  study  is  much  more 
arduous  than  that  of  the  metals,  since  most  of  them  form  several  distinct 
acida  The  difficult  nature  of  the  work  is  apparent  when  we  attempt  to 
classify  the  acids  according  to  one  system.  Until  now,  we  have  been  able 
to  arrange  the  elements  (of  Section  L)  strictly  according  to  their  analytical 
behaviour  (the  properties  of  their  sulphides,  and  the  reactions  in  which  the 
latter  are  formed) :  and  this  arrangement  has  been  farther  simpHfied  by  the 
fact  that  each  element,  or,  more  correctly,  each  metal,  is  characterised  in 
all  its  degrees  of  oxidation  by  merely  a  few  analytical  reactiona  Further- 
more, the  metals  pass  constantly  from  one  degree  of  oxidation  to  another, 
and  such  conversions  are  easily  efifected.  In  the  metalloids  we  encounter 
other  characteristics.  They  also  possess  several  degrees  of  oxidation  ;  but 
the  various  acids  of  one  and  the  same  metalloid  can  differ  widely  (for 
instance,  hydrochloric  and  hypochlorous  acids) ;  they  are  not  readily 
converted  fiom  one  to  the  other,  and  they  show  great  variations  in  their 
reactions.  Finally,  the  qualitative  examination  of  the  metalloids  (the 
detection  of  acids)  cannot  be  accomplished  through  analytical  reactions 
(similar  to  those  with  hydrogen  sulphide  or  ammonium  sulphide)  which 
effect  general  separations  and  can  serve  as  a  basis  for  classification.  The 
course  of  analysis  employed  in  investigating  the  acids  is  very  distinct,  as 
we  shall  see  at  the  end  of  this  Section,  from  that  used  for  the  metals.  In 
testing  for  acids,  previous  knowledge  as  to  which  of  the   metals   are 
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present  in  the  substance  under  analysis  must  be  obtained.  In  order  to 
study  the  metalloids  and  their  compounds  satisfactorily,  we  are  compelled 
by  these  considerations  to  discuss  each  one  in  connection  with  all  its 
derivatives,  and  thus  to  neglect  the  single  acids  as  they  are  arranged  in 
accordance  with  their  analytical  behaviour.  By  the  latter  course  the 
different  derivatives  of  one  and  the  same  element  would  necessarily  be 
separated  in  their  discussion,  and  thus  all  connection  between  them  lost 

The  analytical  classification  of  the  acids  will  be  explained 
at  the  end  of  this  Section,  where  the  course  of  examination 
for  the  detection  of  acids  is  given.  This  system  is  based  upon 
the  various  properties  of  the  barium  and  silver  salts  of  different 
acids.  The  insolubility  of  the  barium  salts  in  water  is  the  general 
indication  of  one  group ;  that  of  the  silver  salt  in  nitric  acid 
(and  the  solubility  of  the  barium  salts  in  water)  characterises 
another ;  the  third  group,  finally,  consists  of  acids,  both  the 
barium  and  silver  salts  of  which  are  soluble  in  water. 


THE  HALOGENS 

OHLOBINE,  BBOMINE,  IODINE 

The  halogens  form  with  hydrogen  the  so-called  hydrogen 
acids.  In  uniting  with  metals  they  yield  the  haloid  salts  of 
the  metals,  i.e.,  salts  of  the  hydrogen  acids.  They  are  found 
in  analysis  most  frequently  as  such  compounds.  They  also 
unite  with  oxygen,  forming  a  series  of  oxy-acids.  Beside  these 
compounds,  the  free  halogens  axe  also  employed  in  analytical 
work,  as  their  properties  are  very  characteristic. 

Chlorine  occurs  in  nature  almost  exclusively  in  sea  water  and  in  rock- 
salt  Double  salts  of  the  chlorides  of  the  alkali  metals  and  magnesium 
are  also  found  in  small  quantities  (the  analysis  of  camallite,  one  of  these 
minerals,  is  given  among  the  examples  in  Part  II.)  Bromine  and  iodine 
also  exist  in  minute  amounts  in  sea  water  and  mineral  springs. 

Hydrogen  Acids  (and  Halogens) 

§  88.  a.  Hydrogen  Acids  and  their  Salts  (chlorides, 
iodides,  and  bromides). — The  hydrogen  compounds  of  all  three 
halogens  are  gaseous  at  the  ordinary  temperature.  When 
dissolved  in  water  they  form  acids — hydrochloric,  hydrobromic, 
and  hydriodic  acids.     In  combination  with  metals,  or  when 
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saturated  by  bases,  they  give  rise  to  the  halogen  compounds 
of  the  metals — salts  of  the  hydrogen  acids ;  these  compounds 
are  sometimes,  but  more  rarely,  formed  by  the  direct  action 
of  the  acids  or  halogens  upon  the  metals.  The  majority  of 
these  haloid  salts  are  soluble  in  water;  some,  however,  are 
decomposed  by  it,  and  a  few  axe  difficultly  soluble  or  totally 
insoluble  (halogenides  of  silver,  mercurous  mercury,  and,  to 
some  extent,  of  lead).  The  formation  of  insoluble  compounds 
aflfords  a  qualitative  test  for  the  hydrogen  acids.  The  unequal 
solubilities  of  the  compounds  of  one  metal  with  the  various 
halogens  furnish  the  methods  for  their  quantitative  separation ; 
both  palladious  and  cuprous  iodides,  for  instance,  are  insoluble 
salts,  while  the  corresponding  bromides  and  chlorides  dissolve 
readily  in  water.  The  insoluble  haloids  are  converted  to 
soluble  alkali  salts,  by  boiling  (or,  still  better,  by  fusion)  with 
sodium  carbonate.  This  operation  may  be  performed  in  various 
ways  (§  89). 

Certain  halogen  compounds  are  decomposed  when  acted  upon  by 
water  (e.g.,  the  compounds  of  bismuth,  tin,  arsenic,  and  antimony ;  see 
Section  I.),  the  acid  being  liberated  and  the  metallic  oxide  formed.  These 
compounds  are  similar  in  this  respect  to  those  of  the  metalloids  (phos- 
phorus, sulphur,  etc.),  which  are  decomposed  by  water  without  exception  : 

pa, + SHaO = HjPOj  +  3HC1. 

As  such  compounds  yield  acids,  they  may  be  regarded  as  the  haloid 
anhydrides  of  the  acids  ;  i.6.,  acids  in  which  the  hydroxyl  groups  are  re- 
placed by  halogen.  Many  acids  also,  such  as  sulphuric  and  chromic,  form 
compounds  of  the  same  nature  ;  the  chloranhydrides  of  these  two  acids 
have  the  formulae  CrOgClg,  SOgClg,  respectively,  and  are  both  decomposed 
by  water  at  the  ordinary  temperature.  The  formation  of  the  chlor- 
anhydride  of  chromic  acid  may  be  used  as  a  test  for  chlorine,  and  to  dis- 
tinguish the  latter  element  from  bromine  and  iodine,  which  do  not  yield 
the  corresponding  compounds  @  89).  All  these  compounds  of  the  halo- 
gens with  metalloids  are  distinguished,  not  only  by  the  reaction  with 
water,  which  is  common  to  all,  but  also  by  their  volatility.  The  latter 
characteristic  is  used  in  analysis.  The  majority  of  the  haloid  anhydrides 
are  liquids,  which  vary  in  their  boiling-points.  As  they  are  decomposed 
by  water  with  formation  of  hydrogen  acids,  they  can  be  analysed  by  the 
customary  methods. 

h.  LSberation  of  the  halogens  from  hydrogen  adds. — As  the 
tendency  to  decompose  varies  in  the  different  hydrogen  acids, 
there  are  various  reactions  by  which  the  respective  halogens 
are  liberated  more  or  less  readily.     These  reactions  may  thus 
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be  employed  in  analysis.  Hydriodic  acid  is  most  easily  split 
up,  and  iodine  most  easily  liberated.  To  detect  iodine,  there- 
fore, reactions  are  employed  which  set  the  iodine  free,  but 
have  no  effect  upon  the  bromine  or  chlorine  compounds. 
Bromine  is  liberated  with  more  difficulty  than  iodine,  but  with 
less  than  chlorine :  chlorine  forms  the  most  stable  compoimds 
of  all  the  halogens.  The  reactions  in  which  the  halogens  are 
set  free  are  very  valuable  in  analysis,  the  characteristics  of  the 
free  elements  being  such  that  their  detection  is  very  simpla 

Iodine  is  liberated,  in  analysis,  throngli  the  action  of  one  of  the 
nitrogen  oxides  (fuming  nitric  acid),  potassium  nitrite  in  acid  solution,  or 
ferric  chloride,  FeClg  (§91).  None  of  these  reagents  affect  the  compounds 
of  either  chlorine  or  bromine.  If  no  iodine  is  present,  or  after  its 
removal,  sulphuric  acid,  which  has  no  effect  upon  chlorine,  is  employed 
to  release  the  bromine.  All  these  reactions  are  discussed  among  the 
Special  Reactions.  Those  which  liberate  bromine  have  a  Uke  action  upon 
iodine  compounds,  and  those  setting  chlorine  free  decompose  the  com 
pounds  of  both  the  others.  The  hydrogen  acids  are  also  decomposed, 
with  liberation  of  their  halogens,  by  peroxides  and  substances  of  a 
similar  nature  (manganese  dioxide,  lead  dioxide,  nickelic  oxide,  chromic 
acid,  etc.)  We  shall  become  acquainted  later  with  the  extensive  applicar 
tions  which  these  reactions  find  in  analysis. 

Liberation  of  Jialogens  by  halogens. — If  chlorine  be  allowed 

to  act  upon   soluble   bromides   or  iodides,  the  bromine  and 

iodine  are  set  free.     Bromine,  however,  displaces  only  iodine 

from  its  compounds,  and  iodine  has  no  action  whatever  upon 

the  other  halogens : 

KBr  +  Cl  =  Ka  +  Br. 

These  reactions  are  very  often  employed,  both  qualitatively 
and  quantitatively.  If,  for  example,  in  qualitative  analysis,  a 
mixture  of  bromides  and  iodides  be  subjected  to  the  action  of 
chlorine  (or,  as  the  reaction  is  more  often  effected,  of  chlorine 
water),  the  iodine  is  first  liberated,  and  as  soon  as  it  is  com- 
pletely displaced,  the  soluble  compound,  iodine  monochloride, 
ICl,  is  formed.  When  all  the  free  iodine  has  thus  united 
with  chlorine,  the  excess  of  the  latter  begins  to  act  upon  the 
bromide  (§  91). 

c.  The  properties  of  the  halogens  are  very  remarkable. 
They  will  be  discussed  under  the  special  description  of  each 
halogen,  and  in  this  paragraph  attention  will  simply  be  called 


220  ANALYTICAL  CHEMISTRY  metalloids 

to  the  principal  characteristics,  which  are  more  fully  explained 
later.  Chlorine  is  a  gas,  bromine  a  volatile  fluid  (its  vapour  is 
reddish-brown),  iodine  a  solid  body  (steel-gray — its  vapour  is 
violet).  The  solution  of  iodine  in  carbon  disulphide  or 
chloroform,  CHjCl,  is  violet,  that  of  bromine,  yellowish-red. 
We  make  use  of  these  characteristics  in  detecting  iodine  and 
bromine  by  their  liberation  (see  the  Liberation -reactions). 
Their  chemical  properties  are  also  important.  Chlorine  and, 
to  a  less  extent,  bromine,  act,  in  presence  of  water,  as  powerful 
oxidising  agents,  e,g,,  they  decolorise  indigo  or  litmus,  oxidise 
ferrous  salts,  etc.  In  presence  of  alkalies,  chlorine  has  a  still 
more  energetic  action,  and  converts  many  metals  into  their 
peroxides.  This  reaction,  which  we  have  already  frequently 
employed  (see  lead,  nickel,  manganese,  etc.),  is  also  used  as  a 
test  for  free  chlorine  or  bromina  Iodine  does  not  show  this 
reaction,  but  possesses  characteristics  of  a  similar  nature.  Its 
property  of  forming  with  starch  a  blue  compound  soluble  in 
water  is  important,  and  distinguishes  this  halogen  from 
bromine  and  chlorine  (§91).  If  to  these  clearly-defined 
characteristics  we  add  that  the  halogens  are  set  free  from  their 
compounds  in  extremely  distinctive  reactions,  it  will  be  seen  that 
there  is  hardly  another  series  of  compounds  (or  elements) 
which  possesses  so  marked  a  character. 

Free  bromine  and  chlorine  are  often  used  in  analysis  as  oxidising  agents. 
As  a  rule,  chlorine-water  is  employed,  but  the  solubility  of  chlorine  is  so 
slight  (the  solution  contains  only  \  per  cent  CI)  that  bromine-water  (con- 
taining 2 '3  per  cent  Br)  is  preferable.  When  possible,  a  solution  of 
bromine  in  concentrated  hydrochloric  acid  (13  per  cent  Br)  or  in 
potassium  bromide  is  employed. 

d.  Conversion  of  the  halogens  to  hydrogen  acids, — The 
reactions  which  are  employed  in  analysis  for  this  purpose 
occur  only  in  the  presence  of  water  (those  taking  place 
between  hydrogen  and  the  halogens  may  be  neglected).  The 
hydrogen  of  the  water  unites  with  the  halogen,  the  oxygen 
attaching  itself  to  the  third  substance  (a  reducing  agent) 
which  causes  the  reaction.  A  reducing  agent  is  a  substance 
which  readily  combines  with  oxygen  (becomes  oxidised).  For 
analytical  purposes  we  usually  employ  sulphurous  acid  (and 
sulphites)  or  thiosulphates.     The  former  is  oxidised  by  iodine 
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to  sulphuric  acid,  the  latter  are  converted  to  tetrathionates 
(chlorine  and  bromine  change  them  to  sulphates) : 

21  +  NaoSOg  +  HgO  =  2HI  +  Na^SO^, 
21  +  2Na2S203  =  2NaI  +  Na^S^O^,. 

In  passing  to  the  Special  Eeactions,  we  shall  divide  their 
study,  in  accordance  with  the  above,  as  follows:  (1)  the 
insoluble  salts  of  the  acids  ;  (2)  the  conditions  under  which  the 
halogens  are  set  free ;  (3)  the  properties  of  the  halogena  In 
this  way  the  halogens  themselves  and  their  hydrogen  acids  are 
studied  side  by  side.  The  reactions  of  the  one  class  supple- 
ment those  of  the  others. 

Hydrochloric  Acid  (Ohlorides)  and  Ghlorine 

§  89.  Ohlorine  is  a  yellowish -green  gas  (sp.  gr.  =  2*45), 
which  possesses  a  characteristic  and  unpleasant  odour,. and 
sharply  attacks  the  mucous  membrane.  It  is  soluble  in 
water,  its  solution  showing  the  same  reactions  as  the  gas. 
Chlorine  unites  at  the  ordinary  temperature  with  many  metals, 
such  as  antimony,  tin,  and  mercury  (chlorine  can  be  removed 
from  solution,  for  example,  in  chlorine-water,  by  shaking  with 
metallic  mercury).  The  chemical  properties  used  in  analysis 
are  discussed  below. 

ffydrochloinc  acid  gas  (sp.  gr.  1*259)  fumes  in  the  air,  and 
dissolves  readily  in  water  (500  vols,  at-f-  3**  C.)  This  solution 
is  the  customary  hydrochloric  acid.  Fuming  hydrochloric  acid 
contains  about  40  per  cent  of  the  gas.  The  properties  of  the 
chlorides  are  given  in  §  88  a. 

The  reactions  of  hydrochloric  acid  and  soluble  chlorides 
consist  in  the  formation  of  insoluble  chlorides,  in  the  liberation 
of  chlorine,  and  in  illustration  of  the  characteristics  of  the 
.  latter.  These  reactions  supplement  each  other.  Insoluble 
chlorides  are  obtained  in  solution  by  fusion  with  sodiimi 
carbonate  (§88  a). 

Silver  chloride, — Silver  nitrate  throws  down  from  hydro- 
chloric acid  or  soluble  chlorides  a  white  precipitate  of  silver 
chloride,  which  is  insoluble  in  nitric  acid,  but  dissolves  in 
anmionia.  Conditions  necessary  for  its  formation  and  its 
characteristics  are  explained  in  §  60.     This  reaction  is  very 
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delicate.  The  chlorine  in  this  insoluble  compound  is  most 
easily  detected  by  treatment  with  zinc  and  dilute  sulphuric 
acid,  by  which  means  it  is  obtained  in  solution  as  zinc 
chloride. 

MerciiroiLS  chloride,  HgCl,  and  lead  chloride,  PbCl^,  are  less 
charaxjteristic.  They  are  precipitated  by  mercurous  or  lead 
salts  (§§  61  and  66). 

Although  the  above  chlorides  afiford  the  most  delicate  tests 
for  hydrochloric  acid,  they  furnish  no  means  for  its  detection 
in  presence  of  bromides  or  hydrobromic  acid,  as  the  latter 
show  the  same  reactions.  For  this  purpose  the  following 
reaction  is  to  be  recommended. 

Tlie  chloranhydride  of  chromic  ctdd,  Cr02Cl2,  or  chromyl 
chloride  (incorrectly  called  chlorchromic  acid),  is  a  compound 
by  means  of  which  chlorine  may  be  qualitatively  distinguished 
from  bromine  or  iodine,  as  the  latter  halogens  form  no  corre- 
sponding compounds.  As  the  chloranhydrides  of  acids  are 
decomposed  by  water,  the  latter  must  be  avoided  in  the 
analytical  operations.  Any  dry  chloride  (sodium  chloride,  for 
example)  is  rubbed  together  with  potassiimi  dichromate,  the 
mixture  introduced  into  a  flask  connected  with  a  delivery 
tube,  and  treated  with  concentrated  sulphuric  acid.  On  the 
application  of  gentle  heat  the  red-brown  vapour  (similar  to  that 
of  bromine)  of  the  chromyl  chloride  appears  within  the  flask. 
This  chloranhydride  is  a  liquid  boiling  at  118**  C. 

KgCrgO.  +  4NaCI  +  SHgSO^  =  2Cr02Cl2  +  K^SO^  +  ^H^aSO^  +  SHjjO. 

If  the  gas  be  led  into  a  test-tube  containing  some 
ammonia,  the  latter  will  become  yellow,  and  after  the  action 
is  complete  the  solution  contains  ammonium  chloride  and 
ammonium  chromate.  The  chloranhydride  of  chromic  acid  is 
decomposed  directly  by  water : 

CrOgClg  +  4NH3  +  2H2O  =  (NH4)2CrO^  +  aNH^a. 

Neither  bromine  nor  iodine  form  volatile  chromium  compounds,  but 
are  set  free  by  the  sulphuric  acid,  and  when  absorbed  by  ammonia  yield 
colourless  solutions.  It  is  to  be  noticed  that  if  too  little  potassium  dichromate 
has  been  taken,  in  proportion  to  the  chloride,  the  latter  may  give  off 
chlorine  instead  of  chromyl  chloride,  according  to  the  equation  : 

KaCrjOy  +  6KC1  +  7H2S04 = Cr2(S04)3  +  4  K2SO4  +  7H2O  +  6a. 
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Liberation  of  chlorine,  and  reactions  of  free  chlorine, — The 
above-described  reactions,  though  suitable  for  the  detection  of 
chlorides,  is  insufficient  for  the  recognition  of  free  chlorine. 
The  various  methods  of  liberating  chlorine,  in  comparison  with 
bromine  and  iodine,  are  discussed  in  §  88  6.  Manganese 
dioxide,  by  its  action  upon  hydrochloric  acid  or  upon  a 
chloride  in  presence  of  sulphuric  acid,  sets  the  chlorine  free. 
The  test  is  made  in  a  flask  fitted  with  a  delivery  tube.  The 
mixture  is  gently  heated,  and  the  free  chlorine  evolved  led 
into  water,  chlorine-water  being  the  result.  The  chlorine  can 
be  detected  in  this  solution  by  the  following  reactions.  A 
few  drops  of  the  chlorine-water  are  added  to  a  mixed  solution 
of  ammonium  ferrous  sulphate  and  potassium  sulphocyanate, 
which  must  not  be  coloured  (through  the  presence  of  ferric 
salts).     Upon  the  addition  of  the  chlorine-water,  the  ferrous 

*  salt  becomes  oxidised  by  the  halogen,  and  a  blood-red  solution 

•  of  ferric  sulphocyanate  is  obtained  (§  34).  The  following  re- 
action is  also  delicate.  A  few  drops  of  chlorine-water  are 
added  to  a  solution  of  potassium  iodide  in  starch  paste.  The 
liquid  is  turned  blue  (see  Iodine)  by  the  iodine  which  the 
chlorine  sets  free.  Chlorine-water  also  decolorises  an  indigo 
solution. 

Chlorine  is  detected  in  a  mixture  of  gases  by  its  yellow- 
green  colour  and  penetrating  odour.  Paper  coloured  by 
indigo  solution  or*  litmus  loses  its  colour  in  presence  of 
chlorine.  Mercury  extracts  the  halogen  from  a  mixture  of 
gases  at  the  ordinary  temperature,  with  formation  of  mer- 
curous  chloride. 


Hydrobromic  Acid  (Bromides),  and  Bromine 

§  90.  Bromine  is  a  red-brown,  almost  black,  liquid,  which 
boils  at  58'5**  C.  Its  vapour  is  dark-brown.  Bromine  dis- 
solves only  slightly  in  water  (bromine-water),  but  readily  in 
carbon  disulphide  or  chloroform  (see  below).  These  solutions 
are  dark-brown.  The  chemical  properties  of  bromine  have 
already  been  described  (§  88);  they  will  be  further  considered 
below. 

Hydrobromic  acid  is  a  gas  which  fumes  in  the  air  and 
dissolves  very  readily  in  water.     It  is  even  more  soluble  than 
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hydrochloric  acid  gas,  and  its  concentrated  solution  contains 
88  per  cent  of  the  acid  The  hromides,  which  bear  a  great  simi- 
larity to  the  chlorides,  are  described  in  §  88. 

The  reactions  of  hydrobromic  acid  and  bromides  also 
consist  in  the  production  of  insoluble  compounds,  in  the 
liberation  of  bromine,  and  in  tests  of  the  latter. 

Silver  bromide. — Silver  nitrate  causes  a  yellow  precipitate 
of  silver  bromide,  insoluble  in  nitric  acid  (§  60).  It  is 
brought  into  solution  in  the  same  manner  as  silver  chloride, 
and  the  detection  of  its  bromine  is  likewise  effected  after  the 
decomposition  of  the  silver  salt  by  zinc  and  sulphuric  acid. 

Palladious  Iromids  is  thrown  down  by  palladioos  nitrate,  though  not 
by  palladious  chloride.  It  is  a  brown  precipitate  which  forms  immedi- 
ately only  in  concentrated  solutions  (distinction  from  chlorine). 

Auric  bromide, — Auric  chloride  colours  the  solution  of  a  bromide 
yellow  or  orange-red  (presence  of  iodine  interferes  with  the  reaction). 

Liberation  of  bromine  and  reactions  of  free  bromine. — The 
insoluble  bromides  cannot  be  used  to  detect  bromine  in  pre- 
sence of  chlorine,  as  they  are  very  similar  to  the  correspond- 
ing chlorides.  In  such  cases  reactions  axe  employed  in 
which  bromine  is  set  free  from  bromides,  but  not  the  chlorine 
from  chlorides.  At  present  only  the  characteristic  reactions 
will  be  described.  The  choice  as  to  which  reaction  should  be 
used  depends  upon  the  particular  property  of  bromine  by  which 
the  latter  is  to  be  characterised. 

1.  With  chlorine,  cMorine-vxUer  (§88  6). — The  property 
which  chlorine  possesses  of  forming  the  soluble  chlorine 
bromide  must  be  remembered,  and  an  excess  of  chlorine  be 
avoided.  A  few  drops  of  carbon  disulphide  and  soriie  chlorine- 
water  are  successively  added  to  the  solution  in  a  test-tube,  and 
the  mixture  shaken.  The  carbon  disulphide  takes  up  the 
liberated  bromine,  becoming  brown,  and,  as  it  is  heavier  than 
water,  sinks  to  the  bottom  of  the  tube.  If  only  traces  of 
bromine  are  present,  the  carbon  disulphide  becomes  yellow. 
The  colour  is  destroyed  by  an  excess  of  chlorine,  the  two 
halogens,  as  we  have  said,  then  entering  into  combination. 
Potassium  hydroxide  also  causes  its  disappearance  (chiefly 
owing  to  the  formation  of  potassium  bromide).  Further  re- 
actions for  bromine  can  be  made  after  the  alkaline  solution 
has  been  evaporated. 
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2.  Svlphuric  acid  liberates  bromine  from  hydrobromic 
axiid  and  all  bromides  exc^t  AgBr  and  HgBr  (distinction 
from  chlorine) : 

2HBr  +  HgSO^  =  2Br  +  SOg  +  2H2O. 

The  detection  of  the  bromine  can  be  effected  either  by  the 
foregoing  method  or  according  to  3.  The  reaction  occurs  only 
in  concentrated  solutions  and  when  concentrated  sulphuric 
acid  is  used.  In  weak  solutions,  the  opposite  reaction  also 
takes  place,  the  bromine  being  converted  to  hydrobromic  acid 
by  the  sulphurous  acid.  Dilute  solutions  must  therefore  be 
evaporated. 

3.  The  libercUion  of  bromine  hy  manganese  dioxide  is  less 
charax^teristic,  as  this  reaction  is  common  to  all  the  halogens. 
The  experiment  is  made  either  according  to  §  89,  or  as  follows. 
The  reaction  is  brought  about  in  a  small  beaker,  which  is 
covered  by  a  watch-glass  having  a  piece  of  paper  fastened  to 
its  under  side :  this  paper  is  moistened  with  starch-paste,  and 
has  starch  sprinkled  over  it.  On  the  vessel  becoming  warm, 
the  released  bromine  colours  the  starch  yellow. 

Hydriodic  Add,  Iodides,  and  Iodine 

§  91.  Iodine  is  dark -gray  (rhombic  crystals),  melts  at 
107''  C,  and  boils  at  180*  C,  with  evolution  of  violet  fumes 
which  condense  directly  to  crystals.^  Iodine  is  difficultly 
soluble  in  water,  but  readily  so  in  potassium  iodide.  Its 
solution  in  carbon  disulphide  or  chloroform. is  violet;  when 
concentrated,  almost  black. 

Hydriodic  add  is  a  gas  which  forms  thick  white  fumes  in 
the  air,  and  is  completely  decomposed  by  sulphuric  acid.  It 
is  usually  prepared  by  the  action  of  water  upon  phosphorus 
iodide  (or  by  that  of  hydrogen  sulphide  upon  iodine).  When 
dissolved  in  water,  it  yields  the  familiar  hydriodic  acid.  The 
most  important  properties  of  the  iodides,  and  their  formation, 
have  already  been  given  (§88  a). 

Reactions   of  Hydriodic   Add  and  Iodides.     Insoluble 

^  According  to  Stas,  absolutely  pure  iodine,  obtained  by  precipitation  of  a 
solution  of  iodine  in  potassium  iodide  with  water,  or  by  decomposition  of 
nitrogen  iodide  by  water  at  CO"*,  gives  off  blue  fumes,  fuses  at  115*"  C,  and  boils  at 
200''  C. 
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iodides.  Silver  iodide. — Silver  nitrate  produces  a  yellow  pre- 
cipitate of  silver  iodide,  insoluble  in  either  nitric  acid  or 
ammonia  (§  60).  No  method  of  separation  of  iodine  from 
chlorine  and  bromine,  however,  can  be  based  upon  the  insolu- 
bility of  silver  iodide  in  ammonia.  If  the  salt  be  fused  with 
sodium  carbonate,  sodium  iodide  is  obtained  and  metallic  silver 
separates. 

Cuprous  iodide,  Cul. — If  a  solution  of  potassium  iodide  be 
precipitated  by  cupric  sulphate,  cuprous  iodide  and  free  iodine 
are  obtained,  half  of  the  iodine  uniting  with  the  copper : 

CuSO^  +  2KI  =  Cul  +  KgSO^  +  L 

If  the  reaction  take  place  in  presence  of  some  substance 
which  converts  iodine  into  hydriodic  acid  (sidphurous  acid  or 
sodium  thiosulphate  is  usually  employed ;  ferrous  sulphate  is 
less  convenient),  and  a  sufficient  amount  of  cupric  sulphate  be 
added,  all  the  iodine  is  obtained  in  the  precipitate  as  its 
cuprous  salt  Cuprous  iodide  is  a  white,  crystalline  precipitate, 
which  is  insoluble  in  water  or  dilute  acids  but  dissolves  in 
sodium  thiosulphate  to  a  colourless  solution. 

As  bromides  or  chlorides  are  not  precipitated  as  their  corresponding 
cuprous  compounds,  this  reaction  may  be  used,  qualitativelj,  to  separate 
iodine  from  chlorine  and  bromine.  The  solution  of  the  mixed  salts  is 
precipitated  by  an  excess  of  cupric  sulphate,  and  sodium  thiosulphate 
then  added,  drop  by  drop,  until  the  colour  of  the  iodine  vanishes  from 
the  solution.  An  excess  of  sodium  thiosulphate,  however,  must  be 
carefully  avoided.  After  the  disappearance  of  the  colour  caused  by 
iodine,  the  solution  must  have  a  blue  tint,  given  by  the  excess  of  copper 
sulphate.  All  the  'iodine  is  then  in  the  precipitate  as  its  cuprous  salt, 
bromine  and  chlorine  remaining  in  the  solution,  together  with  the  excess 
of  cupric  sulphate.  The  copper  is  next  removed  by  hydrogen  sulphide, 
and  after  evaporation  of  the  solution  to  dryness,  the  chlorides  and 
bromides  are  obtained  (§  92).  The  method  is  not  quantitative,  and  the 
directions  must  therefore  be  followed  with  the  greatest  possible  accuracy. 
In  vtry  dihUe  solutions  potassium  iodide  has  a  different  action  upon  cupric 
sulphate  (see  Hydrogen  peroxide,  §  104). 

Palladious  iodide,  Pdl^,  is  thrown  down  as  a  dark-brown 
precipitate  by  palladious  chloride  or  nitrate.  The  compound 
is  almost  insoluble  in  cold  dilute  hydrochloric  acid  or  nitric 
acid.  Iodine  can  be  separated  from  chlorine  and  bromine  by 
precipitation  with  palladious  chloride  (the  reaction  is  used 
for  the  quantitative  separation  and  estimation  of  iodine),  but 
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as  the  student  rarely  has  access  to  palladium  salts,  the  reaction 
will  not  be  included  in  the  systematic  course  of  analysis. 

Characteristic  tests  for  iodine  are  also  found  in  the  formation  of 
certain  other  iodides,  such  as  the  mercurous  (§  62)  and  lead  (§  66)  salts. 

Liberation  and  reactions  of  iodine. — A  direct  test  for  the 
presence  of  iodine  must  be  made,  before  the  reactions  for  its 
separation  from  chlorine  and  bromine  are  instituted.  For  this 
purpose,  one  of  the  following  reactions  is  used  The  first  two 
are  the  most  characteristic,  and  are  caused  by  iodine  but  not  by 
chlorine  or  bromine.  It  may  be  remarked  again  that  the  re- 
action to  be  chosen  depends  upon  the  special  property  of  iodine 
to  be  used  for  its  detection.  The  reaction  with  starch-paste 
is  the  most  delicate. 

1.  By  nitrous  a^id, — Dilute  nitric  acid  has  no  action  upon 
soluble  iodides;  the  fuming  acid  (which  contains  the  lower 
oxides  of  nitrogen),  or,  better  still,  potassium  nitrite  (in  presence 
of  sulphuric  or  hydrochloric  acid)  releases  iodine.  The  solution 
becomes  of  a  brown  colour,  and  if  a  large  quantity  of  the  iodine 
was  present,  it  is  deposited  as  a  black  precipitate : 

2HI  +  2KNO2  +  HgSO^  =  21  +  2N0  +  2H2O  +  KgSO^. 

It  is  convenient  to  detect  the  iodine  by  means  of  its  action 
upon  starch-paste  (carbon  disulphide  may  also  be  employed — 
its  use  will  be  described  below).  Iodine  unites  with  starch  in 
the  cold,  forming  a  compound,  of  undetermined  composition, 
which  dissolves  in  water  to  a  dark-blue  colour.  The  test  is 
made  with  very  dilute  starch-paste.^  The  liquid  to  be  investi- 
gated is  acidified  by  hydrochloric  or  sulphuric  acid,  and  starch- 
paste  and  a  few  drops  of  a  concentrated  solution  of  potassium 
nitrite  (fuming  nitric  acid  is  less  suitable)  are  then  added. 
A  dark-blue  coloration  is  obtained,  or,  if  only  traces  of  iodine 
are  present,  a  reddish- violet  solution.  If  too  little  starch  be 
present,  in  proportion  to  the  iodine,  the  solution  assumes  a 
green  tint,  but  on  the  addition  of  more  starch-paste  it  becomes 

^  The  starch-paste  is  made  very  thin  ;  1  part  of  starch  is  agitated  with  100 
parts  of  water,  and  the  mixture  gently  warmed  and  allowed  to  settle.  The 
almost  clear  solution  is  used  for  the  reaction,  about  10-20  cc.  being  taken. 
Starch-paste  is  not  permanent  in  dilute  solution,  part  of  it  passing  into  dextrine, 
upon  wnich  iodine  has  no  colouring  action.  It  is  therefore  well  to  prepare  a  fresh 
paste  for  each  experiment 
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blue.  The  reaction  must  take  place  in  the  cold.  It  is  still 
more  delicate  if  the  solution  be  cooled,  and  the  colour  disappears 
on  warming.  Iodine  may  easily  be  detected  in  presence  of 
both  chlorine  and  bromine  by  this  test. 

2.  Ferric  chloride,  and  ferric  salts  in  general,  liberate 
iodine  from  potassium  iodide  in  presence  of  hydrochloric  acid,  as 
the  ferric  salt,  Feig,  is  incapable  of  existence.  The  free  iodine  is 
recognised  by  the  brown  colour  imparted  to  the  solution  and  the 
violet  fumes  of  iodine  which  escape  when  the  liquid  is  boiled. 
The  iodine  vapour  can  also  be  detected  by  the  introduction  of 
a  bit  of  paper  moistened  with  starch-paste,  the  latter  turning 
blue.  This  reaction  is  not  as  delicate  as  the  foregoing,  but 
still  serves  to  distinguish  iodine  from  chlorine  and  bromine : 

FeCly  +  HI  =  I  +  Feag  +  HCL 

3.  Liberation  hy  chlorine  (chlorine-water). — The  reaction  is 
less  characteristic.  Chloroform  or  carbon  disulphide  may  be 
used  to  detect  the  iodine  released  (starch-paste  may  also  be 
employed).  The  test  is  made  as  for  bromine  (§  90) :  the  colour 
of  the  carbon  disulphide  becomes  violet  or  almost  black, 
according  to  the  amount  of  iodine  set  free.  An  excess  of 
chlorine  destroys  the  colour,  and  also  that  of  starch-paste,  the 
colourless  compound  ICl  being  formed. 

This  reaction  is  not  as  characteristic  as  the  others,  since,  if  bromides 
are  present,  chlorine  releases  the  bromine  as  welL  With  some  practice, 
however,  the  reaction  can  be  used  to  detect  both  halogens.  If  chlorine- 
water  be  added  very  cautiously  to  the  solution  under  examination,  in 
presence  of  carbon  disulphide,  a  violet  colour  appears,  since  the  chlorine 
liberates  iodine  first  (iodine  expels  the  bromine  from  a  solution  of  the 
latter  in  carbon  disulphide  or  chloroform  under  water).  Upon  further 
careful  addition  of  the  chlorine-water,  the  colour  begins  to  vanish,  and 
when  it  has  entirely  disappeared,  Le^  when  all  the  iodine  has  combined 
with  chlorine,  the  separation  of  bromine  commences,  and  the  carbon 
disulphide  becomes  brown.  The  chlorine -water  must  be  added  very 
cautiously,  and  drop  by  drop.  The  colour  of  the  bromine  also  vanishes  in 
presence  of  an  excess  of  chlorine. 

Iodine  is  also  released  from  its  compounds  by  the  methods  given 
for  chlorine  (action  of  manganese  dioxide),  and  for  bromine  (sulphuric 
acid).     They  are  not  characteristic,  therefore,  of  iodine. 
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COUBSE    OF    ANALYSIS    FOB    THE    DETECTION    OF 
OHLOBINE,  BROMINE,  AND  IODINE 

§  92.  The  presence  of  iodine  interferes  with  the  detection 
of  bromine  and  chlorine.  When  present,  therefore,  it  must 
be  removed  from  the  solution  under  examination.  The  first 
operation  is  the  detection  of  iodine,  in  a  special  portion  of  the 
liquid,  by  means  of  sulphuric  acid  and  potassium  nitrite  in 
presence  of  starch-paste  (§91).  If  iodine  be  found,  the  solu- 
tion is  next  treated  with  cupric  sulphate  and  sodium  thio- 
sulphate  (§  91).  The  cuprous  iodide  having  been  filtered  oflF 
(it  may  be  used,  if  necessary,  for  further  tests  for  iodine),  the 
excess  of  cupric  sulphate  is  removed  by  hydrogen  sulphide,  and 
the  filtrate  evaporated  to  dryness.  The  residue  is  divided  into 
two  portions,  in  one  of  which  chlorine  is  detected  by  the  for- 
mation of  chromyl  chloride  (Conditions,  see  §  89),  and  the  other 
being  examined  for  bromine.  The  portion  of  the  residue  taken 
for  the  latter  purpose  is  dissolved  in  as  little  water  as  possible, 
and  chlorine -water  or  sulphuric  acid  added  in  presence  of 
carbon  disulphide  (§  90).  If  the  solution  contain  the  haloid 
salts  of  the  heavy  metals,  it  is  precipitated  by  sodium  carbon- 
ate, filtered,  and  the  above  tests  made  with  the  solution  of 
sodium  salts  obtained.  Insoluble  haloids  (§  88)  are  fused  with 
sodium  carbonate,  the  fusion  product  extracted  with  water, 
and  the  solution  thus  prepared  tested  for  the  halogens.  The 
insoluble  silver  compounds  are  brought  into  solution  according 
to  §  89,  and  the  halogens  detected  in  the  resulting  zinc  salts. 

The  above  method  for  detecting  the  halogens  is  not 
accurate,  better  results  being  obtained  by  the  following 
process.  A  concentrated  solution  of  the  haloid  salts,  in  a 
special  portion  of  which  iodine  has  already  been  recognised,  is 
introduced  into  a  flask  connected  with  a  delivery  tube,  and 
treated  with  ferric  sulphate  until  all  the  iodine  is  precipitated. 
The  latter  is  completely  removed  by  steam,  for  which  purpose 
the  solution  must  be  boiled  for  a  sufficiently  prolonged  period. 
A  portion  of  the  cooled  solution  is  then  mixed  with  chloroform, 
and  a  test  made  for  bromine,  with  solid  potassium  perman- 
ganate. If  it  is  present,  the  entire  solution  is  subjected  to  the 
same  operation,  and  the  liberated  halogen  removed  by  boiling 
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the  solution  (finally  under  the  addition  of  water).  The  solu- 
tion (to  which  the  potassium  permanganate  has  given  a  red 
colour)  is  then  decolorised  with  alcohol,  filtered,  the  filtrate 
acidified  with  nitric  acid,  and  the  chloride  which  it  contains 
detected  by  silver  nitrate. 

The  Oxyacids  of  the  Halogens 

§  93.  The  halogens,  especially  chlorine,  form  several 
diflferent  oxygen  acids.  Those  of  chlorine  are  prepared  by  the 
action  of  the  free  halogen  upon  metallic  oxides  (of  the  alkalies 
or  of  Group  II.)  Either  hypochlorites  (bleaching  powder,  CaClO) 
or  chlorates  (e.g.,  KClOg  Berthollet's  salt)  are  formed,  according 
to  the  conditions  present.  The  remaining  chlorine  acids  are 
formed  from  the  chlorates  by  reduction  (chlorous  acid,  HClOg) 
or  oxidation  (perchloric  acid,  HCIO^).  In  many  respects  the 
acids  possess  similar  properties.  Their  salts  are  resolved  by 
heat  into  chlorides  and  oxygen,  which  explains  their  employ- 
ment as  oxidising  agents  in  the  dry  methods.  When  treated 
with  hydrochloric  acid  they  evolve  chlorine;  this  characteristic 
is  used  in  oxidation  reactions  in  the  wet  way.  This  class  of 
reactions  is  also  employed  for  the  detection  of  the  oxyacids ; 
they  are  similar  to  those  of  chlorine  itself.  Eeducing-agents 
completely  convert  the  oxyacids  into  hydrochloric  acid  or 
chlorides. 

Hypochlorous  Acid,  HCIO 

The  anhydride  of  the  acid,  ClgO,  is  a  yellowish-green  gas. 
Hypochlorous  acid  is  known  only  in  very  dilute  solution,  and 
is  prepared  by  conducting  chlorine  into  cold  water  which  holds 
mercuric  oxide  in  suspension : 

2CI2  +  HgO  +  HjO  =  2HCI0  +  HgCly 

The  hypochlorites  are  called  bleaching  salts  (the  latter 
usually  contain  chlorides),  and  occur  principally  as  "  Chloride 
of  lime"  and  "Javelle's  lye"  (sodium  hypochlorite).  Their 
formation  has  already  been  given  (action  of  chlorine  upon 
metallic  oxides).  They  are  easily  decomposed,  especially  if 
their  solutions  be  boiled ;  on  treatment  with  acids  they  yield 
chlorine,  or,  more  rarely,  hypochlorous  anhydride. 
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The  reactions  of  hypocJdorites  consist  in  the  oxidation  re- 
actions which  they  cause  (Chlorine,  §  89).  Both  litmus  and 
indigo  solutions  are  decolorised  by  hypochlorites  in  presence 
of  free  sulphuric  or  some  other  acid.  The  oxidation  of  ferrous 
salts  or  the  liberation  of  iodine  can  be  employed  for  their 
detection,  as  for  that  of  chlorine  (§  89).  The  formation  of 
peroxides,  e,g,,  nickelic  oxide  or  lead  dioxide,  in  alkaline  solu- 
tion may  also  denote  hypochlorites  as  well  as  chlorina  Silver 
nitrate  causes  a  precipitate  of  silver  chloride,  the  silver  hypo- 
chlorite which  is  at  first  formed  being  decomposed: 

3AgC10  =  AgaOg  +  2  AgCL 

When  the  free  acid  is  treated  with  metallic  mercury  the 
reddish -yellow  or  dark -brown  mercuric  oxychloride  results 
(distinction  from  chlorine,  which  forms  mercurous  chloride, 
HgCl).  The  salts  of  hypochlorous  acid  convert  mercury  to 
mercuric  oxide: 

2HC10  +  2Hg  =  HgOa .  HgO  +  HgO, 
NaaO  +  Hg  =  HgO  +  NaCL 

Chloric  Acid,  HCIO3 

This  acid  is  known  only  in  solution.  Its  solution  is  a 
powerful  oxidising  agent,  bleaches  organic  matter,  and  is 
decomposed  by  heat : 

(1)  3HC103  =  HC104  +  2Cl  +  40  +  H20. 

When  acted  upon  by  hydrochloric  acid  it  evolves  chlorine 
(also  hypochlorous  anhydride  and  other  products,  according  to 
the  conditions  present) : 

(2)  HCIO3  +  6Ha  =  6C1  +  SHjO. 

It  is  converted  by  reducing  agents,  in  acid  solution,  into 
hydrochloric  acid.  The  chlorates,  e.g.,  potassium  chlorate, 
show  the  same  reactions  as  the  free  acid.  Their  decomposi- 
tion proceeds  axjcording  to  equation  (1)  on  being  warmed, 
according  to  (2)  when  treated  with  hydrochloric  acid.  Their 
value  as  oxidising  agents  is  obvious  (see  Metals,  Group  III.  §§ 
37  and  32 ;  Group  V.  §  72).  A  mixture  of  potassium 
chlorate  and  nitric  acid  forms  an  especially  powerful  oxidising 
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agent.     The  preparation  of  chloric   acid  is  described  at  the 
beginning  of  this  paragraph 

Reactions  of  Chlorates. — These  consist  in  oxidation 
reactions  which  are  caused  by  the  released  chlorine  (or  more 
rarely,  by  the  chloric  acid  itself).  Chlorates  are  not  pre- 
cipitated by  barium  chloride  or  silver  nitrate.  The  solution 
of  a  chlorate,  acidified  with  hydrochloric  acid,  decolorises 
indigo,  the  reaction  being  caused  by  the  chlorine  which  is  set 
free. 

If  a  dry  chlorate  be  introduced  into  a  drawn-out  glass 
tube,  a  few  small  pieces  of  charcoal  placed  above  the  salt, 
and  the  latter  then  heated  until  it  melts,  the  carbon  takes 
fire  in  the  oxygen  evolved  and  bums  with  an  intense  Ught. 

If  a  small  quantity  of  a  chlorate  be  heated  upon  platinum 
foil  with  potassium  cyanide,  a  violent  explosion  ensues.  (The 
experiment  must  be  made  with  but  very  small  quantities.) 

Certain  oxidation  reactions  (such  as  that  with  chromic 
oxide)  can  also  serve  as  tests  for  chlorates. 

If  the  dry  salts  be  acted  upon  by  sulphuric  add,  a  yellow 
coloration  is  caused;  the  expeiiment  is  accompanied  by  the 
evolution  of  a  yellowish-green  gas,  ClO^,  which  has  a  charac- 
teristic smell  resembling  chlorine.  (Very  small  quantities  of 
the  substances  must  be  used,  as  an  explosion  may  otherwise 
ensue)  : 

3KCIO3  +  H2SO4  =  2a02  +  KCIO4  +  K2SO4  +  HjO. 

Silver  nitrate  produces  no  precipitate ;  if  a  few  drops  of  a 
solution  of  sulphurous  acid  be  added,  however,  silver  chloride 
is  deposited.  This  reaction  is  used  for  the  detection  of 
chlorates  in  presence  of  chlorides. 

A  solution  of  diphenylamine  in  concentrated  sulphuric 
acid  is  coloured  dark-blue  by  chlorates  {v.  Nitric  acid). 


Iodic  Add,  HIO 


8 


Iodic  acid  is  prepared  by  the  oxidation  of  iodine  with  nitric  acid,  or 
by  gently  heating  iodine  with  potassium  chlorate.  It  is  soluble  in 
water,  and  easily  split  up  into  iodine  and  oxygen.  When  acted  upon  by 
hydrochloric  acid  chlorine  is  evolved  (and  ClI  formed). 

The  reactions  consist  in  the  preparation  of  insoluble  salts  and  the 
separation  of  free  iodine.  Insoluble  salts, — Barium  iodate  is  a  white 
precipitate  which  dissolves  in  nitric  acid.     Silver  iodate  is  thrown  down 
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as  a  white  crystalline  precipitate,  soluble  in  ammonia  but  difficultly  so 
in  nitric  acid.  Reactions  in  which  iodine  is  released.  Hydrogen  sulphide 
decomposes  iodic  acid,  iodine  and  sulphur  separating  (the  liquid  becomes 
brown)  and  water  being  formed  : 

2HIO3 + 6HjS = la  +  S5 + 6H2O. 

The  free  iodine  is  converted  by  further  action  of  the  hydrogen  sulphide 
into  hydriodic  acid,  and  the  solution  loses  its  colour.  As  a  result  of 
these  characteristics  iodic  acid  may  be  detected  in  the  course  of  the 
systematic  examination  for  the  metals  (when  the  metals  are  precipitated 
by  hydrogen  sulphide).  Many  other  substances,  such  as  sulphurous  acid, 
hydriodic  acid,  hydrochloric  acid,  etc.,  also  release  iodine  from  iodic 
acid.     The  reactions  of  the  free  halogen  are  given  in  §  91. 


FLUOBINE 

Hydroflaoric  Acid  and  FlnorideB 

§  94.  Fluorine  is  prepared  by  the  electrolysis  (in  a 
platinum  vessel)  of  anhydrous  hydrofluoric  acid,  in  which 
potassium  fluoride  is  dissolved  to  render  the  liquid  conducting. 
The  fluorine  collects  at  the  positive  electrode  as  a  faintly 
yellow  gas,  which  possesses  a  powerful  odour  similar  to  that 
of  the  chlorine  oxides  and  acts  violently  upon  the  mucous 
membrane  of  the  mouth  and  eyea  Fluorine  unites  directly 
with  hydrogen ;  its  combination  with  sulphur,  phosphorus,  and 
antimony  is  accompanied  by  a  flash  of  light.  It  has  no  effect 
upon  gold  or  platinum  in  the  cold,  but  decomposes  water 
instantly,  with  formation  of  hydrofluoric  acid  and  ozona  Glass 
is  also  attacked  by  it,  yielding  silicon  fluorida  The  properties 
of  fluorine  render  it  impossible  for  this  element  to  be  found  in 
the  free  state  in  analysis.  The  fluorides  are  more  often  seen, 
but  hydrofluoric  acid  itself  need  seldom  be  looked  for. 

Fluorine  occurs  in  nature  chiefly  as  fluor  spar,  or  calcium  fluoride  ; 
it  is  found  less  frequently  as  cryolite,  NaAlF^. 

Anhydrous  hydrofluoric  acid  is  a  colourless,  fuming  liquid 
which  boils  at  20**  C,  and  mixes  readily  with  water.  Its 
solution,  the  common  hydrofluoric  acid,^  colours  paper  soaked 
with  Brazil-wood  tincture  yellow.  Hydrofluoric  dissolves  all 
the  metals  except  gold  and  platinum,  with  evolution  of 
hydrogen.     It  is  also  a  solvent  for  many  oxygen  acids,  which 

'  Hydrofluoric  acid  is  poisonous,  and  its  solution  causes  obstinate  sores. 
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form  compounds  with  the  fluorine  (silicic  acid,  titanic  acid, 
etc.)  The  action  of  hydrofluoric  acid  upon  silica  is  especially 
characteristic  (see  below).  The  fluorides  of  the  alkali  metals 
are  soluble,  the  others,  with  the  exception  of  FeF^,  SnF^, 
HgFj,  AgF,  are  insoluble.  They  are  not  decomposed  by 
ignition  (some  of  them  volatilise  when  heated ;  the  compounds 
with  metalloids  are  all  volatile).  So-called  acid  scdts  of  the 
alkali  metals,  e,g,,  KHF^,  are  also  known,  and  there  are 
numerous  double  fluorides  analogous  to  them.  Sulphuric  acid 
releases  hydrofluoric  acid  from  fluorides. 

The  reactions  of  fluorides  consist  in  the  formation  of 
insoluble  salts,  and  in  the  peculiar  action  of  hydrofluoric  acid 
upon  silica ;  the  latter  is  principally  employed. 

Insoluble  fluorides. — Only  a  few  of  the  many  available 
compounds  will  be  discussed.  Their  conversion  to  soluble 
fluorides  is  effected  by  fusion  with  sodium  carbonate  (fluorides 
of  Group  IL  are  not  decomposed  by  this  operation). 

Calcium  fluoride,  CaFy — Calcium  chloride  produces  in  a 
solution  of  potassium  fluoride,  a  gelatinous,  almost  transparent 
precipitate,  which  is  not  immediately  visible.  It  subsides 
more  quickly  in  an  ammoniacal  solution.  Calcium  fluoride  is 
insoluble  in  water,  but  dissolves,  though  with  diflBculty,  in 
nitric  and  hydrochloric  acids.  Its  acid  solution  is  incompletely 
or  not  at  all  precipitated  on  neutralisation  with  ammonia. 

Barium  fluoride,  BaF^. — Barium  chloride  throws  down  a 
voluminous  white  precipitate,  which  is  almost  insoluble  in 
water,  and  diflScultly  soluble  in  hydrochloric  or  nitric  acid. 
It  is  incompletely  or  not  at  all  deposited  from  this  solution  by 
eunmonia. 

Action  upon  silica, — ^Hydrofluoric  acid  acts  upon  silica  to 
form  silicon  fluoride : 

SiOg  +  4HF  =.  SiF^  +  2HjO. 

The  reaction  is  also  shown  by  aqueous  hydrofluoric  acid,  or 
when  fluorides  are  warmed  with  sulphuric  acid  and  silica. 
In  qualitative  analysis,  the  experiment  may  be  performed  in 
various  ways.  The  hydrofluoric  acid  is  detected  by  its  power 
of  etching  glass,  or  by  the  properties  of  the  silicon  fluoride 
formed. 

1.  The  pulverised  fluoride  is  covered  with  sulphuric  acid 
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ill  a  platinum  crucible,  and  the  latter  covered  by  a  watch- 
glass  and  very  gently  warmed.  As  the  fumes  of  sulphuric 
acid  alone  etch  many  kinds  of  glass,  it  is  preferable  to  use  for 
the  experiment  the  difficultly  fusible  Bohemian  variety.  If 
hydrofluoric  acid  is  present  it  escapes,  and  the  glass  becomes 
etched,  the  silica  of  the  latter  being  converted  to  silicon 
fluoride.  The  reaction  is  still  more  delicate  if  the  glass  be 
covered  by  a  film  of  wax  (solution  of  wax  in  turpentine)  and 
some  small  design  scratched  in  the  wax  with  a  needla  This 
involves  no  modification  in  the  method  of  procedure.  When 
the  reaction  has  subsided,  and  the  wax  been  removed  by  heat 
and  rubbing,  the  engraved  design  becomes  visible. 

2.  The  above  test  is  insufficient  when  the  fluorides  contain 
silica  (or  when  the  substance  is  a  mixture  of  the  two),  as  the 
action  of  sulphuric  acid  in  this  case  is  to  form  silicon  fluoride, 
and  not  hydrofluoric  acid.  The  properties  of  the  silicon  fluoride 
itself  must  therefore  be  used  to  detect  the  fluorine.  The 
fluoride  is  warmed  with  sulphuric  acid  and  glass  (or  without 
gltiss,  if  silica  is  already  present),  in  a  test-tube  closed  by  a 
cork  which  supports  a  delivery -tube.  The  escaping  silicon 
fluoride  fumes  in  the  air,  and  if  led  under  water  deposits  an 
amorphous,  white  precipitate  of  silica,  hydrofluosilicic  acid 
remaining  in  the  solution : 

3SiF^  +  2H2O  =  2SiH2Fg  +  SiO^. 

If  the  formation  of  this  precipitate  is  not  sufficient,  a 
confirmatory  test  may  be  made  by  evaporating  the  solution  to 
dryness  (after  filtering  off  the  silica  and  neutralising  with 
sodium  carbonate),  and  testing  the  residue  according  to  1. 
Silicates  which  are  not  decomposable  by  sulphuric  acid  are 
fused  with  a  mixture  of  sodium  and  potassium  carbonates,  the 
fusion  product  extracted  with  water,  and,  after  saturation  with 
hydrochloric  acid,  precipitated  by  calcium  chloride.  The 
precipitate  of  calcium  fluoride  is  subjected  to  the  above  tests. 

Both  experiments  may  be  modified  as  follows.  The 
substance  to  be  tested  is  mixed  with  powdered  microcosmic 
salt  and  carbon  (prepared  by  fusing  carbon  and  microcosmic 
salt  together  and  pulverising  the  product),  and  placed  in  a 
small  tray  made  of  platinum  foil.  The  tray  is  then  set  in  a 
glass  tube  open  at  each  end,  heated  before  the  blow-pipe,  and 
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the  products  formed  by  the  intense  heat  allowed  to  flow 
through  the  tuba  Any  hydrofluoric  acid  evolved  may  be 
detected  by  its  peculiar  smell,  its  action  upon  logwood  paper, 
and  by  the  glass  becoming  etched.  In  presence  of  silica  the 
silicon  fluoride  is  recognised  by  its  action  upon  logwood 
paper  (which  turns  yellow),  and  by  the  deposit  of  silica  on  the 
sides  of  the  tube. 

Hydrojluosilicic  acid,  H^SiFg. — The  formation  of  this  acid 
from  silicon  fluoride  has  already  been  described.  It  exists 
only  in  solution,  and  on  evaporation  splits  up  into  silicon 
fluoride  and  hydrofluoric  acid.  It  is  very  easily  decomposed, 
either  as  the  free  acid  or  in  its  stJts,  by  concentrated  sulphuric 
acid.  These  two  reactions  serve  for  the  detection  of  hydrofluo- 
sUicic  acid.  Its  salts  are  for  the  most  part  insoluble  in  water, 
and  are  converted  to  the  fluorides  and  silicon  fluoride  on 
ignition.  The  formation  of  the  salt,  K^SiF^,  is  characteristic  as 
a  reaction  of  potassiuuL  Ammonia  precipitates  hydrated  silicic 
acid  from  a  solution  of  hydrofluosilicic  acid.  Barium  silico- 
fluoride  is  also  characteristic,  being  insoluble  in  either  water  or 
dilute  acids. 

SXJLPHUB 

§  95.  Sulphur  is  known  in  both  amorphous  and  crystalline 
modifications.  The  crystalline  variety  is  dimorphous.  It 
occurs  in  the  native  state  in  rhombic  octahedra,  and  takes  this 
form,  also,  in  crystallising  from  solution  in  carbon  disulphide. 
Molten  sulphur  solidifies  to  monoclinic  prisms  on  cooling,  and 
then  passes  under  various  conditions  into  the  rhombic  form. 
Sulphur  fuses  at  1 14*5°  C,  and  boils  at  440°  C.  The  amorphous 
sulphur  also  exists  in  many  varieties ;  some  of  them  result  when 
the  element  is  melted,  or  heated  to  260°  C,  and  then  suddenly 
cooled  ofif.  It  is  also  obtained  in  the  amorphous  state  when 
precipitated  from  certain  of  its  compounds.  The  crystalline 
modifications  dissolve  in  carbon  disulphide,  but  with  the 
exception  of  a  few  of  its  varieties  amorphous  sulphur  is 
insoluble  in  this  medium.  Sulphur  is  also  dissolved  by  many 
other  substances,  such  as  caustic  potash,  thiosulphates,  etc ;  in 
this  case,  however,  it  unites  with  the  solvent  to  form  a 
chemical  compound. 

Free  sulphur  may  be  detected  by  its  following  properties : 
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■  ■ 

(1)  it  volatilises  in  yellowish-brown  vapours,  which  condense 
to  brown  drops,  the  latter  turning  yellow  on  cooling.  (2) 
When  lighted  in  the  air  sulphur  bums  with  a  blue  fleune,  and 
emits  the  stifling  odour  of  sulphurous  anhydride.  If  the  test 
is  to  be  made  with  a  mixture  of  sulphur  with  other  substances, 
it  should  be  performed  in  a  glass  tube  open  at  both  ends. 
The  tube  is  held  obUquely  by  a  support,  and  heat  applied  to 
the  portion  which  contains  the  substance,  the  properties  of  the 
sulphur  dioxide  being  shown  at  the  upper  end  of  the  tube. 
(3)  Oxidising  agents  convert  sulphur  to  sulphuric  acid ;  this 
reaction  will  be  described  below. 

The  principal  compounds  of  sulphur  are  hydrogen  sulphide, 
the  metallic  sulphides,  and  sulphuric  acid.  There  are  also 
many  other  acids,  with  their  salts  and  derivatives. 

The  mineral  kingdom  contains  sulphur  both  in  the  native  and  com- 
bined states  (in  pyrites,  blendes,  etc)  Of  its  oxygen  compounds,  calcium 
sulphate  (gypsum,  anhydrite)  is  the  most  common.  The  analyses  of  these 
minerals  will  be  discussed  later. 

Hydrogen  Sulphide  and  Metallic  Sulphides 

Hydrogen  sulphide  is  a  poisonous  gas  which  has  a  disagree- 
able odour  (that  of  rotten  eggs).  When  lighted,  it  bums  to 
sulphur  dioxide  and  water.  It  is  obtained  by  the  action  of 
acids  upon  metallic  sulphides  (usually  ferrous  sulphide). 
Hydrogen  sulphide  is  soluble  in  water,  but  neither  the  gas 
nor  its  solution  is  stable.  When  exposed  to  the  air  the  latter 
deposits  sulphur. 

The  precipitation  of  sulphur  by  the  action  of  hydrogen  sulphide  is 
used  as  a  qualitative  test  for  ferric  salts  and  chromic  acid.  In  this  reaction 
the  hydrogen  of  the  hydrogen  sulphide  becomes  oxidised  to  water,  or  unites 
with  chlorine,  etc.  Nitric  and  sulphurous  acids  have  the  same  action  upon 
hydrogen  sulphide,  and  it  is  also  decomposed  by  the  halogens,  with 
formation  of  free  sulphur  and  the  respective  hydrogen  acids. 

The  sulphides  are  formed  directly  by  ignition  of  metals, 
oxides,  or  carbonates  with  sulphur.  They  may  also  be  prepared 
by  the  action  of  carbon,  at  a  high  temperature,  upon  the  alkali 
sulphates  or  salts  of  other  sulphur  acids.  The  sulphides  of  the 
heavy  metals  yield  sodium  sulphide  when  fused  with  sodium 
carbonate  and  carbon.     (The  application  of  this  reaction  as  a 
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test  for  sulphur  is  given  below.)  Finally,  they  are  formed,  as 
we  already  know,  in  the  important  reaction  between  hydrogen 
sulphide  and  the  salts  of  certain  metals. 

Properties  of  the  sulphides. — ^We  assume  that  the  solubilities 
of  the  sulphides  have  already  been  learned,  as  they  have  formed 
the  basis  for  the  classification  of  the  metals.  Native  sulphides, 
however,  often  show  a  more  obstinate  behaviour  toward  acids 
than  those  which  are  artificially  prepared.  Galena,  iron  pyrites, 
etc,  are  thus  insoluble  in  adds,  while  artificial  lead  and  ferrous 
sulphides,  on  the  contrary,  are  readily  dissolved  by  these  agents. 
The  sulphides  of  Groups  I.  and  II.,  which  are  soluble  in  water, 
are  unstable  in  solution,  absorbing  oxygen  from  the  air  and 
passing  into  polysulphides  (and  thiosulphates).  Their  solutions 
are  also  decomposed  by  carbonic  acid.  Insoluble  sulphides  are 
brought  into  solution  by  the  general  method — fusion  with 
sodium  carbonate.  (The  operation  results,  as  will  be  re- 
membered, in  the  formation  of  either  a  carbonate  or  the  metal 
itself,  the  product  depending  upon  the  metal  fused.) 

So  much  importance,  analytically,  is  attached  to  the  sulphides,  that  it 
may  be  well  to  mention  a  few  of  their  properties  again.  The  conditions 
necessary  for  their  conversion  to  sulphuric  acid  are  especially  important. 
The  oxidising  agents  used  for  effecting  this  reaction  are  very  diverse 
(action  of  HNO3,  §  72,  fusion  with  sodium  carbonate  and  potassium 
nitrate  or  chlorate,  etc.  §  32).  Chlorine  may  also  be  employed  in  various 
ways  :  oxidation  with  potassium  chlorate  and  hydrochloric  acid  (§§  40,  72) 
or  nitric  acid  (§  32),  which  is  still  better,  has  already  been  discussed. 
The  final  method  to  be  mentioned  is  the  treatment  of  the  heated  sulphide 
with  gaseous  chlorine.  In  this  reaction  the  metallic  chloride  and  sulphur 
chloride,  S2CI2  (a  liquid  boiling  at  138°),  are  formed.  The  experiment 
is  made  in  a  bulb-tube  which  connects  with  a  receiver  containing  sodium 
hydroxide ;  the  sulphur  chloride  is  first  decomposed  to  sulphurous  acid, 
and  this  product  becomes  finally  oxidised  to  sulphuric  acid  by  the  excess 
of  chlorine.  Bromine  is  a  still  better  reagent,  and  is  employed  either  in 
the  free  state  or  in  hydrochloric  acid  solution.  These  reactions  will  be 
more  exactly  described  in  the  discussion  of  quantitative  determinations. 
All  these  methods  may  also  be  employed  in  the  analysis  of  mineral 
sulphides,  i.e.,  of  the  pyrites,  blendes,  etc. 

Reactions  of  Hydrogen  Sulphide  and  the  Metallic 
Sulphides. — Free  hydrogen  sulphide  is  detected  by  its  un- 
pleasant odour,  or,  more  accurately,  by  means  of  paper 
moistened  with  lead  acetate  or  silver  nitrate.  The  metallic 
sulphides  which  form  colour  the  paper  black.      A  piece  of 
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paper  moistened  with  sodium  nitroprusside  ^  and  previously 
exposed  to  the  action  of  gaseous  ammonia,  becomes  of  a  beauti- 
ful purple-red  colour  in  contact  with  hydrogen  sulphide. 

These  methods  also  serve  for  the  detection  of  sulphur  in 
sulphides  which  are  decomposed  by  acids  with  evolution  of 
hydrogen  sulphide.  The  experiment  is  made  in  a  test-tube, 
and  the  liberation  of  hydrogen  sulphide  determined  by  holding 
in  the  mouth  of  the  tube  a  piece  of  paper  soaked  in  the  respective 
reagent. 

Traces  of  hydrogen  sulphide  gas  may  be  detected  as  follows:  The 
substance  is  placed  in  a  hydrogen  generator  and  the  hydrogen  lighted  at 
the  end  of  the  exit  tube.  If  a  porcelain  disk  be  held  in  the  flame,  the 
presence  of  hydrogen  sulphides  causes  the  portion  of  the  latter  which 
touches  the  disk  to  assume  a  characteristic  blue  tint 

Sulphides:  1.  Soluble  sulphides. — (a)  When  treated  with 
acids  the  salts  of  this  class  evolve  hydrogen  sulphide,  which 
is  detected  ewjcording  to  the  foregoing  methods.  The  poly- 
sulphides  deposit  sulphur  on  the  addition  of  acids.  (6)  The 
solution  of  the  sulphides  is  tested  with  lead  acetate  or  silver 
nitrate,  these  reagents  causing  a  black  precipitate.  If  alkalies 
or  soluble  carbonates  are  present,  this  reaction  is  made  with  a 
solution  of  lead  oxide  in  potassium  hydroxide,  (c)  Sodium 
nitroprusside,  after  the  addition  of  caustic  soda,  causes  a  purple- 
red  colour.  It  has  no  action  upon  free  sulphuretted  hydrogen. 
{d)  The  solution  is  treated  with  -^  of  its  volume  of  fuming 
hydrochloric  acid  and  a  few  crystals  of  the  sulphate  of  para- 

amidodimethylaniline,  CgH^\^ ,  ^       ,     ^  goon  as  the  latter 

are  dissolved,  two  drops  of  a  dilute  solution  of  ferric  chloride 
are  added ;  if  hydrogen  sulphide  is  present,  methylene  blue, 
CjgHjgNgSCl,  forms,  and  the  solution  becomes  dark-blue.  This 
is  the  most  delicate  test  for  hydrogen  sulphide  known,  and 
follows  the  equation  : 

2C8H12N2  +  HgS  +  30  +  2Ha  =  Ci^jHigNgSCl  +  NH^a  +  SHgO. 

2.  Sulphides  which  are  decomposed  by  adds  with  difficulty, 
are  treated  with  hydrochloric  acid  in  presence  of  finely-divided 

^  Sodium  nitropnisside,  NasFe(N0)Cy5,  is  prepared  by  the  action  of  nitric 
acid  upon  potassium  ferrocyanide.  The  action  of  soluble  sulphides  upon  the  com- 
pound has  not  been  sufficiently  studied  to  allow  an  explanation  of  this  reaction. 
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iron  iferrum  alcoholisatum),  whereupon  hydrogen  and  hydrogen 
sulphide  are  evolved.  The  reaction  is  made  in  a  test-tube 
which  is  loosely  closed  by  a  cork  wrapped  in  lead  acetate  paper. 

3.  Svlphides  which  are  insoluble  in  acids,  are  fused  with 
sodium  oxide  in  a  silver  crucible.  If  the  fused  mass  be  placed 
upon  a  bright  piece  of  silver  (a  coin)  and  moistened  with  warm 
water,  a  black  spot  of  silver  sulphide  forms.  The  solution  of 
the  fusion  products  can  also  be  examined,  after  this  test  is 
made. 

As  a  general  method  of  detecting  sulphur,  the  formation  of 
sulphuric  acid  as  an  oxidation-product  of  the  sulphides  may  be 
used.  The  substance  is  mixed  with  anhydrous  sodium  carbon- 
ate, and  potassiimi  nitrate,  in  small  enough  quantity  to  prevent 
an  explosion  on  its  being  fused,  is  then  added  (the  amoimt  of 
BIN O3  to  be  taken  is  determined  by  a  previous  test).  The 
mixture  is  placed  in  a  platinum  crucible  and  ignited.  When 
the  oxidation  is  complete  and  the  resultant  mass  has  been 
treated  with  water,  the  aqueous  solution  is  neutralised  by  an 
acid  and  tested  for  sulphuric  acid. 

When  heated  in  a  glass  tube,  which  is  open  at  each  end 
and  held  somewhat  obliquely,  sulphides  give  off  sulphurous 
acid ;  the  latter  is  recognised  by  its  odour  or  other  character- 
istics (see  below). 

Sulphuric  Acid  and  Sulphates 

§  96.  Sulphuric  acid,  H^SO^,  is  an  oily  liquid  which  boils 
at  SSS"*  C,  undergoing  partial  dissociation  into  sulphuric  anhy- 
dride and  water.  It  becomes  heated  when  mixed  with  water, 
and  absorbs  the  latter  from  moist  gases  (it  is  therefore  used  for 
drying  purposes).  Many  organic  substances  become  carbonised 
when  in  contact  with  sulphuric  acid,  the  reaction  often  being 
accompanied  by  the  evolution  of  sulphur  dioxide.  As  sulphuric 
acid  has  a  high  boiling-point,  it  displaces  a  great  many  acids 
(those  which  are  more  volatile)  in  their  stJts,  «.^.,  chlorides, 
nitrates,  acetates,  etc.  The  hot  concentmted  acid  dissolves  a 
majority  of  the  metals.  Its  character  as  a  powerful  salt- 
forming  acid  is  used  in  analysis,  for  the  purpose  of  obtaining 
insoluble  oxides  in  solution  (Metals,  Group  III.)  Many  of  the 
sulphates  dissolve  in  water,  but  all,  with  the  exception  of  the 
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ferric  salt,  are  insoluble  in  alcohol.  The  characteristic  reactions 
of  sulphuric  acid  consist  in  the  formation  of  insoluble  sulphates. 
The  latter  are  brought  into  solution  by  the  general  method — 
fusion  with  sodium  carbonate  (gypsum,  heavy  spar,  and  other 
mineral  sulphates  are  analysed  by  these  means). 

Reactions  of  Sulphates.  Insoluble  salts.  Barium  sulphate. 
— ^This  salt  is  precipitated  by  barium  chloride.  Its  most 
important  property,  which  has  already  been  discussed  (§  19), 
may  be  mentioned  again,  i.e.,  its  insolubility  in  water  or  dilute 
acids.  The  reaction  must  be  made  in  suflBciently  dilute 
solutions,  as  in  concentrated  solutions  barium  chloride  may 
cause  a  precipitate  of  other  barium  salts.  For  example, 
strongly  concentrated  solutions  of  hydrochloric  or  nitric  acid 
may  precipitate  barium  chloride  or  nitrate  respectively.  Both 
salts  dissolve,  however,  on  the  addition  of  water  (distinction 
from  the  sulphate).  If  these  acids  are  present  in  large 
quantities  it  is  preferable  to  remove  them  by  evaporation, 
before  testing  with  bariimi  chloride. 

Lead  sulphate  is  obtained  by  precipitation  with  lead  salts. 
Its  properties  are  described  in  §  66. 

To  detect  sulphuric  acid  in  insoluble  compounds  the 
following  methods  may  be  employed:  (a)  The  salt  is  fused 
with  sodium  carbonate,  and  after  the  fusion  product  has  been 
dissolved,  the  solution  is  tested  as  above.  (6)  When  a  sulphate 
is  fused  with  sodium  carbonate  and  carbon  (or  on  a  charcoal 
support  in  the  inner  flame  of  the  blow-pipe)  the  sulphuric  acid 
undergoes  reduction  and  a  sulphide  forms.  If  the  fusion  pro- 
duct be  placed  upon  a  silver  coin  and  moistened  with  water,  a 
black  spot  is  obtained  (Hydrogen  sulphide,  §  95).  The  reaction 
is  convenient  as  a  confirmatory  test  of  the  first  reaction. 

Snlphnrons  Acid  and  Sulphites 

The  hydrated  acid  is  unknown.  Sulphur  dioxide,  SOg,  the  anhydride, 
is  a  gas  possessing  a  suffocating  odour,  and  condensing  to  a  liquid  at  —  10**  C. 
It  dissolves  readily  in  water,  to  a  solution  which  has  the  same  smell  and 
an  acid  reaction  (it  bleaches  Brazil-wood  paper).  The  sulphites  possess 
the  general  formula  R2^^3»  ^^^  *^  decomposed  by  acids  with  formation 
of  sulphur  dioxide.  Only  the  alkali  sulphites  dissolve  in  water,  but  those 
of  the  other  metals  are  readily  soluble  in  acids.  Both  sulphurous  acid 
and  the  sulphites  are  powerful  reducing  agents.  Several  of  the  reactiotis 
which  they  cause  will  be  described  below,  and  we  have  already  observed 
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the  use  of  a  few  in  analysis  (Reduction  of  ferric  salts,  §  34,  of  arsenic  acid, 
§  79,  etc.)  Sulphites  are  converted  to  sulphates  by  chlorine  and  other 
oxidising  agents. 

Beactions  of  Sulphites. — Certain  of  the  reduction  reactions  afford 
characteristic  tests.  The  reduction  may  be  in  either  of  two  directions. 
The  sulphurous  acid  may  be  used  as  a  reducing  agent,  when  it  passes  into 
various  other  sulphur  acids ;  or  it  may  itself  be  reduced  to  hydrogen 
sulphide  or  sulphur.     Its  salts  are  less  characteristic. 

Barium  sulphite,  BaSOg. — The  addition  of  barium  chloride  to  a  neutral 
solution  causes  a  white  precipitate  of  barium  sulphite,  which  is  readily 
soluble  in  acids.     The  lead  salt  shows  a  similar  behaviour. 

Reduction  reactions, — 1.  Those  caused  by  sulphurous  acid  have  already 
been  discussed.  The  reduction  of  chromic  acid,  of  manganic  acid,  and  of 
mercuric  to  mercurous  chloride,  and  the  conversion  of  the  halogens  to 
their  hydrogen  acids  are  employed  as  qualitative  reactions. 

2.  The  reduction  of  the  sulphurous  acid  itself  is  more  characteristic 

It  is  decomposed  by  hydrogen  to  hydrogen  sulphide.     The  test  is  made  in 

a  small  apparatus  for  generating  hydrogen  from  zinc  and  hydrochloric 

.  acid :    moistened  lead  acetate  paper  becomes  black  when  held  in  the 

issuing  gas : 

SO,  +  6H  =  HaS  +  2H2O. 

Stannous  chloride  in  presence  of  hydrochloric  acid  precipitates  stannic 
sulphide,  SnS2,  but  not  immediately. 

Hydrogen  sulphide  precipitates  sulphur  from  sulphurous  acid,  the 
reaction  being  accompanied  by  the  formation  of  pentathionic  acid  : 

4SO2  +  SHjS  =  HaSsOe  +  2S  +  2HaO. 

Thiosulphurie  acid  and  the  thionic  acids, — The  reactions  of  these  acids 
resemble  in  many  ways  those  of  sulphurous  acid.  The  acids  do  not  exist 
in  the  free  state  (a  few  are  known  in  solution).  The  properties  of  barium 
thiosulphate  place  thiosulphurie  acid  in  the  first  group  of  acids  (see  §  106). 
This  salt  is  precipitated  from  neutral  solution  by  barium  chloride,  and  is 
difficultly  soluble  in  water,  but  easily  so  in  acids.  All  the  barium  poly- 
thionates  dissolve  readily  in  water.  The  solutions  of  all  polythionates  are 
precipitated  by  silver  nitrate  as  the  white  silver  salts,  the  latter  quickly 
decomposing,  however,  to  silver  sulphide  (sulphuric  acid  is  then  found  in 
Folution).  The  decomposition  to  sulphur  or  sulphurous  or  sulphuric  acid 
(by  the  action  of  acids)  characterises  them  all,  and  explains  the  reducing 
action  which  their  compounds  exert.  On  the  other  hand,  they  resemble 
sulphurous  acid  in  being  reduced  to  hydrogen  sulphide  by  hydrogen. 
Thiosulphurie  acid  is  distinguished  fi*om  sulphurous  by  its  behaviour 
toward  hydrocliloric  acid.  When  acted  upon  by  the  latter  the  thio- 
fiulphates  deposit  sulphur  and  evolve  sulphur  dioxide,  which  may  be 
detected  by  its  odour.  Thiosulphurie,  tetrathionic,  and  trithionic  acids 
are  easily  distinguished,  when  but  one  of  them  is  in  the  solution,  by  their 
varjing  behaviour  toward  silver  nitrate  and  copi)er  sulphate.  These 
leagents  do  not  precipitate  thiosulphates.  Tetrathionic  acid  deposits,  on 
the  addition  of  silver  nitrate,  a  yellow  precipitate  which  speedily  turns 
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black,  and  has  no  action  upon  copper  sulphate.  When  heated  with  either 
reagent,  trithionic  acid  deposits  a  black  precipitate.  If  sulphides  are  also 
present  in  the  solution,  they  should  be  previously  removed  by  zinc 
sulphate,  as  the  sulphide  of  the  latter  metal. 


NITBOQEN 

§  97.  Nitrogen  is  an  odourless  gas  (sp.  .gr.  =  0*969) 
which  neither  undergoes  nor  supports  combustion.  Although 
uniting  directly  with  only  a  few  of  the  elements  (boron, 
titanium),  nitrogen  forms  compounds  which  are  very  diverse. 
These  can  be  divided  into  three  classes :  ammonia  and  its 
derivatives,  cyanogen  compounds,  and  the  compounds  of 
nitrogen  with  oxygen :  the  latter  include  the  acids  (nitric,  etc.) 
One  class  of  compounds  may  be  converted  to  another  in 
various  reactions. 

Ammonia  and  its  compounds  have  already  been  discussed 

(§  12). 

Hydrocyanic  Acid,  the  Oyanides,  and  Cyanogen 

Cyanogen  is  a  colourless  gas  (condensing  to  a  liquid  at 
—  21'*  C)  which  has  a  characteristic  odour  and,  when  lighted, 
bums  with  a  violet  flame.     It  is  prepared  by  the  ignition  of 
mercuric  or  silver  cyanide. 

The  cyanides  are  obtained  by  the  action  of  nitrogen  or  its  compounds 
upon  carbon  in  presence  of  the  alkali  metals  or  their  oxides  and  at  a  high 
temperature.  Potassium  cyanide  is  usually  obtained  as  the  product  of 
the  reaction,  and  all  the  other  cyanides  are  prepared  from  this  salt. 
Another  and  equally  important  method  is  based  upon  the  formation 
of  cyanides  by  the  withdrawal  of  water  from  the  amides  of  organic  acids. 
Thus,  cyanogen  is  formed  when  the  constituents  of  water  are  split  off 
from  the  amide  of  oxalic  acid  : 


CO-NHa     C=N 

=  I         +2H,0. 
NH,     C=N 


io- 


Hydrocyanic  add  (Prussic  acid)  is  prepared  by  distilling 
cyanides  with  sulphuric  acid.  It  is  a  liquid  boiling  (in  the 
anhydrous  state)  at  27°  C,  soluble  in  water,  and  having  a 
strong  odour  of  bitter  almonds.  Hydrocyanic  acid  is  a  deadly 
poison,  either  in  solution  or  in  the  gaseous  state.  The  soluble 
cyanides  and  simple  compounds  of  hydrocyanic  acid  are  like- 
wise poisonous,  and  extreme  caution  must  be  taken  in  opera- 
tions which  involve  their  use. 


r 
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Cyanides  (salts  of  hydrocyanic  acid). — The  salts  of  the 
metals  of  Groups  I.  and  II.,  and  of  mercury,  are  soluble  in 
water  and  alcohol.  Their  aqueous  solutions,  however,  are 
unstable ;  the  final  products  of  decomposition  being  formic  acid 
and  ammonia : 

KCN  +  2H2O  =  HCOOK  4-  NHy 

The  alkali  cyanides  are  stable  at  a  high  temperature,  but 
on  fusion  in  the  air  with  oxidising  agents  (such  as  the  per- 
oxides of  manganese  or  lead)  they  are  converted  into  cyanates, 
e.g.,  KCNO.  They  also  unite  directly  with  sulphur  to  form 
the  sulphocyanates  (KCNS).  The  employment  of  potassium 
cyanide  as  a  reducing  agent  in  the  dry  way  (§73)  is  thus 
explained.  The  cyanides  of  the  heavy  metals  are  decomposed 
by  ignition  (cyanogen  is  liberated),  and  all  the  salts,  including 
the  double  compounds  (see  below),  by  fusion  with  potassium 
nitrate.  All  cyanides,  and  also  the  double  salts  which  are 
mentioned  below,  are  likewise  decomposed  by  concentrated 
sulphuric  acid,  the  reaction  resulting  in  the  formation  of 
sulphates  and  evolution  of  hydrocyanic  acid.  The  action  of 
dilute  sulphuric  acid,  and  of  hydrochloric  and  nitric  acids,  upon 
the  different  cyanides  is,  as  we  shall  see,  very  diverse. 

Double  cyanides. — Hydrocyanic  acid  is  characterised  by  its 
double  salts.  They  are  usually  prepared  by  the  solution  of 
metallic  cyanides  in  potassium  cyanide,  or  in  soluble  cyanides 
in  general,  and  possess  varying  formulae  (comp.  Groups^III.  and 
IV.)  Some  of  them  are  decomposed  by  dilute  acid^^  with 
evolution  of  hydrocyanic  acid,  and  if  the  metallic  cyanicSe  is 
insoluble  in  dilute  acids  it  is  then  precipitated.  This  class  of 
salts  also  undergoes  decomposition  when  boiled  with  mercuric 
oxide,  mercuric  cyanide  forming,  and  the  oxide  of  the  heavy 
metal  being  deposited.  The  double  cyanides  which  act  as 
above  are  formed  by  Mn,  Zn,  Ni,  Ag,  Cu,  Pd  (see  these  metals). 
The  remaining  double  salts  (those  of  Fe,  Co,  Cr,  Pt),  on  the 
contrary,  are  stable  toward  dilute  acids,  and  form  acids,  such 
as  hydroferrocyanic  and  hydrofenicyanic  acids :  they  are  also 
unaffected  by  mercuric  oxide.  We  remark  again  that  all 
the  double  salts  are  decomposed  by  concentrated  sulphuric 
acid  (3  parts,  H^^SO^,  1  part,  HgO),  and  also  on  fusion 
with  potassium  nitrate.     In  these  reactions  the  cyanogen  is 
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driven  off  (as  hydrocyanic  acid  in  the  first  case,  and  fully 
decomposed  in  the  second).  Such  a  decomposition  is  necessary 
in  the  analysis  of  these  compounds,  as  the  metals  which  they 
contain  can  neither  be  detected  nor  precipitated  by  any  other 
means. 

Reactions  of  Cyanides. — These  are  based  in  part  upon 
the  formation  of  insoluble  salts  (simple  or  double),  and  partly 
upon  the  conversion  of  cyanides  to  sulphocyanates.  Mercuric 
cyanide  does  not  show  the  reactions  given  below,  and  the 
mercury  must  be  previously  removed  by  hydrogen  sulphida 
Free  hydrocyanic  acid  must  be  neutralised  with  sodium 
hydroxide  before  being  submitted  to  the  tests. 

Insoluble  salts.  Silver  cyanide,  AgCN. — Silver  nitrate 
throws  down  a  white  precipitate,  which  dissolves  in  an  excess 
of  potassium  cyanide  to  form  the  salt,  AgCN .  KCN.  Silver 
cyanide  is  soluble  in  ammonia,  but  insoluble  in  nitric  acid.  It 
is  distinguished  from  silver  chloride  in  evolving  hydrocyanic 
acid  (easily  recognised  by  its  odour)  when  boiled  with  hydro- 
chloric acid.  On  ignition  it  becomes  black  (with  formation 
of  silver  paracyanide),  and  cyanogen  is  set  free  (it  can  be 
lighted). 

Ferric  ferrocyanide  (Prussian  blue),  re^(Fe(CN)g)j. — As  the 
properties  of  this  compound  were  discussed  in  §  34,  attention 
will  here  be  paid  only  to  its  preparation  from  cyanides.  If  ferrous 
sulphate  and  ferric  chloride  be  added  to  a  soluble  cyanide  (as 
the  formula  shows,  both  a  ferrous  and  a  ferric  salt  are  necessary), 
and  the  solution  then  precipitated  by  caustic  potash,  a  preci- 
pitate of  the  iron  hydroxides  is  obtained,  and  potassium  ferro- 
cyanide forms  in  the  solution.  If  hydrochloric  acid  be  next 
added,  the  hydroxide  dissolves,  and  a  blue  precipitate  of  ferric 
ferrocyanide  is  deposited.  When  very  small  quantities  of 
cyanides  are  present  the  liquid  merely  turns  green  on  addition 
of  the  hydrochloric  acid,  and  the  precipitate  separates  only 
after  long  standing. 

This  reaction  is  used  to  detect  nitrogen  in  organic  compounds.  If  the 
latter  be  fused  with  metallic  potassium,  the  cyanide  of  the  latter  is 
obtained  (see  the  formation  of  cyanides).  The  fusion  is  next  treated  with 
water,  which  converts  the  excess  of  the  metal  (with  evolution  of  hydrogen) 
into  potassium  hydroxide,  and  the  detection  of  the  cyanogen  (and  there- 
fore of  the  nitrogen)  is  then  accomplished  as  above. 
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Ferric  sxdphocyanatey  Ye{C'S^\. — The  properties  of  this 
compound  are  described  in  §  34.  In  order  to  employ  its 
formation  as  a  test  for  hydrocyanic  acid,  however,  the  con- 
ditions necessary  for  the  conversion  of  cyamides  into  sulpho- 
cyanates  must  be  studied.  The  solution  of  the  cyanide  is 
treated  with  a  large  excess  of  yellow  ammonium  sulphide, 
which  contains  sulphur,  and,  after  the  addition  of  a  few  drops 
of  ammonia,  the  mixture  is  evaporated  on  the  water-bath  in  a 
porcelain  dish  until  all  the  ammonium  sulphide  has  been 
driven  off,  and  a  dry  white  residue  is  obtained.  (The  operation 
must  be  repeated  several  times  if  necessary.)  Ammonium 
sulphocyanate  is  thus  formed,  and  after  acidifying  with  hydro- 
chloric acid,  the  addition  of  ferric  chloride  to  its  solution 
produces  a  deep-red  colour : 

(NH4)CN  +  S  =  (NH^CNS. 

If  free  hydrocyanic  acid  is  to  be  detected  by  this  method, 
it  must  first  be  neutralised  by  potassium  hydroxide,  and  then 
evaporated  with  ammonium  sulphide.  This  reaction  forms  the 
most  delicate  test  for  hydrocyanic  acid. 

Bemark. — Hydroferrocyanic  acid,  H4Fe(CN)g.  The  conditions  under 
which  this  compound  is  formed  have  already  been  mentioned.  The  acid 
is  soluble  in  water  (its  solution  may  be  prepared  by  the  action  of  dilute 
acids  upon  potassium  ferrocyanide).  Its  reactions  are  as  follows  :  on  the 
addition  of  ferric  chloride,  ferric  ferrocyanide,  or  Prussian  blue,  is  formed 
(§  34) ;  copper  sulphate  precipitates  cupric  ferrocyanide  (§  64).  Silver 
nitrate  also  causes  a  white  precipitate  of  the  silver  salt  to  be  deposited, 
which  is  soluble  in  either  ammonia  or  nitric  acid,  and  completely  decom- 
poses when  its  ammoniacal  solution  is  boiled.  Insoluble  salts  are  brought 
into  solution  by  boiling  with  caustic  alkaUes  (§  34).  They  are  completely 
decomposed  by  boihng  with  concentrated  sulphuric  acid,  or  on  fusion  with 
potassium  nitrate. 

Hydroferricyanic  acid,  H3Fe(CN)g,  is  similar  in  its  properties  to  the 
foregoing  compound.  It  is  soluble  in  water.  Ferrous  salts  give  with 
the  soluble  salts  a  blue  precipitate  (distinction  from  the  ferrocyanides). 
Copper  sulphate  throws  down  the  green  cupric  ferricyanide.  The  silver 
salt  is  orange-yellow,  and  soluble  in  ammonia  (decomposes  when  boiled). 
The  remaining  properties  of  hydroferricyanic  acid  are  similar  to  those  of 
the  foregoing  acid. 

Nitric  Acid 

§  98.  Nitric  acid,  HNOj,  is  a  liquid  which  boils  at  86®  C, 
undergoing  partial  decomposition  at  the  same  time ;  its  sp.  gr. 
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at  14°  C.  =  1*52.  It  acts  as  an  energetic  oxidising  agent,  and 
in  yielding  its  oxygen  to  other  bodies  is  converted  into  lower 
oxides  of  nitrogen.  Nitric  acid  is  a  solvent  for  many  metals, 
and  in  its  action  upon  them  evolves  either  hydrogen  (with 
zinc,  etc.),  which  reduces  the  acid  to  nitrous  oxide  and  ammonia, 
or  nitric  oxide  (with  copper,  silver,  etc.)  The  application  of 
these  properties  in  analysis  is  given  below.  Nitric  acid  is 
completely  reduced  to  ammonia  by  the  action  of  hydrogen  in 
alkaline  solution;  i,e.,  by  that  of  zinc,  or,  preferably,  of 
aluminium,  and  potassiimi  hydroxide.  The  normal  nitrates  are 
readily  soluble  in  water ;  the  basic  salts  of  some  of  the  metals, 
however,  as  well  as  the  salts  of  certain  organic  bases,  dissolve 
with  difl&culty.  When  ignited,  the  nitrates  decompose,  losing 
oxygen  and  passing  into  the  oxide  of  the  metal  (employed  in 
oxidation-reactions). 

Reactions  of  Nitric  Acid  and  Nitrates. — As  nitric  acid 
forms  no  insoluble  salts  (except  with  some  organic  bases),  its 
detection  is  effected  exclusively  by  oxidation-reactions.  These 
are  all  applicable  to  quantitative  analysis.  The  reactions  in 
which  nitric  oxide  is  formed  are  especially  characteristic. 

Formation  of  nitric  oxide.  Action  on  c&pper. — To  detect 
nitric  acid  by  this  reaction  we  use  the  property  which  the 
nitric  oxide  evolved  possesses  of  turning  to  brown  fumes  in  the 
air  (union  with  oxygen :  NO^  is  formed) : 

3Cu  +  8HNO3  =  2N0  +  4H2O  +  3Cu(N03)2. 

The  solution  of  the  nitrate  is  heated  with  copper  filings  and 
concentrated  sulphuric  acid  (the  latter  releases  the  nitric  acid); 
the  test-tube  becomes  filled  with  reddish-brown  fumes,  which 
may  be  more  distinctly  observed  if  viewed  through  the  length 
of  the  test-tube. 

Action  upon  ferrous  salts  (§  37). — If  the  concentrated  solu- 
tion of  a  nitrate  be  mixed  with  an  equjd  volume  of  concentrated 
sulphuric  acid,  and  after  the  mixture  has  cooled  a  few  drops  of 
ferrous  sulphate  be  allowed  to  flow  slowly  down  the  side  of  the 
test-tube,  so  that  the  two  fluids  do  not  mix,  a  brown  line  is 
seen  at  the  point  of  contact : 

2KNO3  +  4H2SO4  +  eFeSO^  =:  2N0  +  KjjSO^  +  SFe^CSO^j  +  4H3O. 
The  brown  colour  is  caused  by  the  solution  of  nitric  oxide  in 
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the  (still  unoxidised)  excess  of  ferrous  sulphate.  If  heated,  or 
even  if  allowed  to  stand  for  some  time  at  the  ordinary  temper- 
ature (until  the  two  solutions  have  become  mixed),  the  colour 
disappears  when  all  the  ferrous  salt  has  been  oxidised. 

Liberation  of  iodine  (§  91). — If  nitric  acid  or  a  nitrate  be 
reduced  by  zinc  (zinc  amalgam)  and  hydrochloric  acid,  the 
addition  of  a  drop  of  the  resulting  liquid  to  a  potassium 
iodide  solution  in  presence  of  starch -paste  produces  a  blue 
colour.  Dry  nitrates  may  be  fused  with  sodium  carbonate 
(they  are  thus  converted  to  nitrites)  and  the  reaction  made 
with  the  solution  of  the  fused  mixture. 

Oxidation  of  indigo, — Nitric  acid  decolorises  a  solution  of 
indigo  in  sulphuric  acid  (oxidation  of  the  indigo,  CgHgNO,  to 
isatine,  CgHgNOg).  The  acid  must  be  previously  set  free  by 
hydrochloric  acid,  if  in  the  combined  state,  and  the  purity  of 
the  latter  must  also  be  tested,  as  free  chlorine  would  have  the 
same  action.  The  hydrochloric  acid  is  boiled,  a  few  drops  of 
dilute  indigo  solution  added,  and  the  mixture  again  boiled. 
If  the  reagent  proves  to  be  pure,  a  portion  of  the  solution  of 
the  nitrate  is  next  added ;  the  blue  colour  of  the  indigo  quickly 
disappears  when  the  solution  is  boiled.  To  detect  traces  of 
nitrates,  a  few  drops  of  indigo  solution  are  added  to  10  c.c  of 
concentrated  sulphuric  acid,  so  that  the  latter  will  be  given 
a  very  faint  blue  tint ;  the  substance  to  be  tested  (in  very 
concentrated  solution  if  necessary)  is  then  added,  and  the 
mixture  heated. 

If  a  nitrate  be  heated  with  carbon  in  a  glass-tube  closed 
at  one  end,  the  carbon  ignites  and  bums  in  the  tube  (see  Chloric 
acid,  §  93). 

Brv/Ane  (an  organic  base,  CgjHg^NgO^,  extracted  from  nux 
vomica)  in  sulphuric  acid  solution  causes  a  red  coloration. 
This  reaction  is  extremely  delicate.  Dilute  solutions  are 
evaporated  almost  to  dryness,  an  equsd  volume  of  concen- 
trated  sulphuric  acid  added,  and  a  crystal  of  brucine  finally 
dissolved  in  the  solution.  The  reaction  is  performed  in  a 
porcelain  dish. 

Diphenylamine,  (C^^^'H.,  dissolved  in  sulphuric  acid 
assumes  a  blue  colour  on  the  addition  of  nitric  acid.  The  opera- 
tion is  performed  as  in  the  previous  test.  The  sulphuric  acid 
used  in  either  reaction  must  first  be  tested  in  the  same  manner. 
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Nitrous  Acid 

The  anhydride  of  nitrous  acid,  N2O3,  is  gaseous  at  the  ordinary  tem- 
perature (it  has  a  brownish-red  colour  and  condenses  at  — 15°  C.  to  a  blue 
liquid).  The  nitrites  are  usually  prepared  by  the  action  of  a  high 
temperature,  or  of  a  metal,  such  as  lead,  upon  nitrates.  Nitrites  are  de- 
composed by  acids,  with  evolution  of  nitric  oxide,  which,  on  contact  with 
the  air,  absorbs  oxygen  and  becomes  brown. 

ReactioHS  of  nitrites, — The  nitrites  are  characterised  chiefly  by  reduction 
reactions. 

Silver  nitrite^  AgNOj,  is  difficultly  soluble  in  water.  It  is  obtained 
as  a  white  precipitate  by  the  action  of  silver  nitrate  upon  nitrites. 

The  liberation  of  iodine  from  potassium  iodide,  and  the  consequent 
coloration  of  starch-paste,  is  a  very  characteristic  reaction.  (For  the 
method  see  §  91.)     Nitrites  must  be  decomposed  by  sulphuric  acid. 

The  decolorising  effects  produced  in  a  potassium  permanganate  solu- 
tion in  presence  of  sulphuric  acid  is  also  characteristic  of  nitrous  acid. 

The  action  of  ferrous  salts,  which  cause  a  brown  zone,  is  less  im- 
portant (the  method  is  the  same  as  for  nitrates).  Hydrogen  sulphide  in 
acid  solution  reduces  nitrites,  with  separation  of  sulphur.  The  reaction 
between  cobalt  salts  and  potassium  nitrite  in  presence  of  potassium 
cyanide  will  also  be  remembered  (§  47).  With  the  sulphate  of 
diamidobenzoic  acid,  C7H^(NH2)202H2SO^,  nitrites  produce  a  yellow  or 
orange-red  colour,  according  to  the  quantity  present  Diphenylamine, 
(CgH5)2NH,  in  sulphuric  acid  solution,  produces  with  nitrites  in  presence 
of  an  excess  of  sulphuric  acid  a  blue  solution. 

PHOSPHOBUS 

§  99.  Phosphorus  is  known  in  several  modifications. 
Common  phosphorus  is  colourless,  transparent,  crystalline 
(regular  system),  fuses  at  43°  C,  and  boils  at  about  260°  C. 
It  ignites  in  the  air  at  75°  C,  and  in  burning  emits  white 
fumes  of  the  pentoxide,  or  phosphoric  anhydride ;  if  the  supply 
of  air  be  insufficient,  the  trioxide,  PgOg,  the  anhydride  of  phos- 
phorous acid,  is  formed.  Phosphorus  also  unites  slowly  with 
the  oxygen  of  the  air  at  the  ordinary  temperature.  When 
exposed  to  the  air  it  fumes,  and  is  limiinous  in  the  dark  (see 
below).  Such  compounds  of  phosphorus  as  are  capable  of 
combustion  bum  with  a  green  flame,  the  spectrum  of  which 
contains  characteristic  brilliant  green  lines.  Eed  phosphorus, 
the  second  modification,  is  amorphous,^  insoluble  in  carbon 

^  The  name  "Amorphous  phosphorus "  may  be  improper,  as  it  is  stated  that 
the  red  phosphorus  is  in  fact  also  crystalline  (probaoly  belonging  to  the  hexa- 
gonal system). 
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disulphide  (wliich  dissolves  ordinary  phosphorus),  does  not 
oxidise  when  exposed  to  the  air,  and  is  not  poisonous  (the 
other  variety  is  deadly  so).  It  is  prepared  by  heating  ordinary 
phosphorus  to  250°  C.  in  a  vacuum;  when  exposed  to  a 
higher  heat  it  is  reconverted  to  the  first  variety.  The  two 
modifications  form  the  same  compoimds. 

The  property  which  phosphorus  shows  of  becoming  luminous,  or  phos- 
phorescent, in  the  dark,  is  employed  for  its  detection  in  cases  of  poisoning. 
The  substance  to  be  examined  is  submitted  to  distillation  in  a  current  of 
steam,  in  a  darkened  room,  in  a  flask  which  is  connected  with  a  glass  con- 
denser. The  phosphorus  volatilises,  and  on  being  carried  through  the 
condenser  by  the  steam  renders  the  tube  luminous.  It  loses  its  power  of 
phosphorescence,  however,  in  presence  of  mercury  salts,  and  also  in  that  of 
many  organic  compounds. 

Phosphorus  forms  several  compounds  with  both  hydrogen 
(the  hydrogen  phosphides)  and  oxygen  (the  acids  of  phos- 
phorus). 

There  are  three  compounds  with  hydrogen.  The  most  common  of  them, 
PH3,  IB  usually  called  hydrogen  phosphide.  It  takes  fire  spontaneously 
in  the  air  (due  to  the  presence  of  the  liquid  phosphide,  P2H^  or 
HgP  -  PHg).  It  produces  black  precipitates  of  metallic  phosphides  with 
lead  and  copper  salts,  and  throws  down  metaUic  silver  from  its  compounds. 
A  hydrogen  flame  in  which  hydrogen  phosphide  is  also  burning  possesses 
a  beautiful  green  tint,  which  is  more  distinctly  seen  if  the  flame  be 
allowed  to  bum  against  a  porcelain  disk.  Hydrogen  phosphide,  hke 
carbon  monoxide,  is  absorbed  by  cuprous  chloride  solution. 


Phosphoric  Acid 

Phosphoric  acid  is  found  in  the  soil,  in  the  ashes  of  plants 
(especially  in  the  ash  of  seeds),  and  in  both  human  and  animal 
bones.  Bone-ash  is  composed  of  calcium  carbonate  and  calcium 
and  magnesiimi  phosphates.  Phosphoric  acid  also  occurs  in 
nature  in  several  minerals,  such  as  apatite  (calcium  phosphate), 
wavellite  (aluminium  phosphate),  etc.,  which  are  soluble  in 
nitric  acid.  Wavellite  also  dissolves  in  potassium  hydroxide 
(especially  on  fusion  with  the  latter).  The  acid  is  also  found 
in  the  so-called  phosphorites  (Cag(P0^)2). 

The  properties  of  phosphoric  acid  and  its  salts,  as  well  as 
their  reactions,  are  described  in  §  50.  We  shall  here  observe 
the  nature  of  pyrophosphoric  and  metaphosphoric  acid,  and 
their  conversion  into  the  ortho-acid ;  their  formation  from  the 
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latter,  and  the  properties  of  their  respective  salts,  have  already 
been  noticed  (§  50). 

Pyrophosphortc  acid  and  pyrophosphates, — Pyrophosplioric  acid  is  con- 
verted to  orthophosphoric  acid  when  its  solution  is  boiled.  Only  the 
alkali  salts  are  soluble  in  water.  The  acid  salts  are  converted  to  meta- 
phosphates  on  ignition.  The  barium  salt,  Ba2P207,  is  formed  on  precipi- 
tation of  pyrophosphates  or  the  free  acid  by  barium  chloride  (like  the 
orthophosphate,  and  in  distinction  from  the  metaphosphate).  The  silver 
salt,  Ag^PgOy,  is  a  white  precipitate.  Magnesium  pyrophosphate  is  also 
a  white  precipitate,  obtained  by  the  action  of  magnesium  sulphate,  and 
soluble  in  excess  either  of  the  acid  or  of  magnesium  sulphate.  Am- 
monia does  not  reprecipitate  the  salt  from  the  resulting  solution  at  the 
ordinary  temperature,  but  completely  from  boiling  solution  (method  for 
tlie  detection  of  pyrophosphoric  acid  in  presence  of  the  ortho-acid). 
An  albumin  solution  is  coagulated  neither  by  the  acid  nor  its  salts  (in 
presence  of  acetic  acid).  Ammonium  molybdate  in  nitric  acid  solution 
causes  no  precipitate  at  first,  but  after  standing  for  some  time  the  ordinary 
ammonium  phosphomolybdate  is  deposited. 

Metaphosphoric  add, — There  are  no  less  than  five  series  of  meta- 
phosphates  known.  Without  describing  them  in  detail,  we  shall  mention 
a  few  general  reactions.  Albumin  (in  presence  of  acetic  acid)  is 
coagulated  by  both  metaphosphoric  acid  and  its  salts.  The  silver  salts 
are  white  (the  various  modifications  of  metaphosphates  are  not  all 
precipitated  by  silver  nitrate).  Magnesium  sulphate  produces  in  pre- 
sence of  ammonium  chloride  either  no  precipitate  or  one  which  dissolves 
in  ammonium  chloride.  Barium  chloride  precipitates  the  solutions  of 
some  of  the  varieties  of  metaphosphates. 


Phosphorous  Add 

Phosphorous  acid,  H3PO3,  crystallises  in  transparent  crystals  (it  is 
usually  prepared  by  decomposing  phosphorous  trichloride  with  water). 
It  is  soluble  in  water,  and  readily  undergoes  oxidation  to  phosphoric 
acid.  It  is  distinguished  from  the  latter  by  its  behaviour  as  a  reducing- 
agent  The  alkali  phosphites  are  soluble  in  water,  the  others  insoluble. 
Only  two  of  the  hydrogen  atoms  of  the  acid  can  be  displaced  by  metals. 

Reactions.  Barium  phosphite,  BaPH03. — Barium  chloride  causes  a 
white  precipitate  which  is  readily  soluble  in  acids. 

Reduction,  reactions, — Only  a  few  of  the  numerous  reactions  of  this 
nature  can  be  mentioned.  Silver  nitrate  produces  a  white  precipitate 
(of  the  silver  salt?)  which  is  speedily  turned  black  by  the  reduced 
silver.  Mercuric  chloride  in  presence  of  hydrochloric  acid  causes  no  pre- 
cipitate at  first,  but  in  the  course  of  time  the  white  mercurous  chloride, 
HgOl,  separates  from  the  solution.  Phosphorous  acid,  finally,  when 
subjected  to  the  action  of  a  high  temperature  or  of  hydrogen,  evolves 
hydrogen  phosphide. 
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Hypophosphoric  Acid 

This  recently-discovered  acid,  H^P^O^,  is  formed  during  the 
slow  process  of  oxidation  which  phosphorus  undergoes  in  the 
air  in  presence  of  water.  It  may  be  regarded  as  an  incom- 
plete anhydride  of  orthophosphoric  and  phosphorous  acids : 

OH  OH      OH  OH 

I  III 

PO-OH  +  OH-P    =    PO— 0— P  +  H2O. 

I  III 

OH      •  OH       OH  OH 

The  free  acid  splits  up  readily  into  orthophosphoric  and 
phosphorous  acids.  It  has  no  reducing  action,  but  passes  into 
orthophosphoric  acid  when  heated  with  potassium  manganate. 
Ammonium  molybdate  produces,  but  only  in  hot  solutions,  a 
precipitate  of  the  phosphomolybdate.  Silver  nitrate  causes  a 
white  precipitate. 

Hypophosphoroos  Acid 

The  crystals  of  hypophosphorous  acid,  HgPOg,  melt  at  IT'S"  C.  TTie 
acid  decomposes  readily  into  phosphoric  acid  and  hydrogen  phosphide  on 
being  heated.  It  has  a  reducing  action  upon  numerous  substances. 
The  salts  contain  only  one  atom  of  the  metal.  The  barium  salt, 
Bq{112V0^2i  i^  soluble  in  water  (distinction  from  phosphorous  and 
phosphoric  acids).  We  shall  mention,  from  among  the  reduction 
reactions,  only  those  which  are  the  most  characteristic,  i.e.,  which  dis- 
tinguish this  acid  from  phosphorous  acid.  If  a  solution  of  hjpophos- 
phorous  acid  be  added  to  one  of  copper  sulphate,  and  the  mixture  gently 
warmed  (not  higher  than  60°  C),  a  red -brown  precipitate  of  cuprous 
hydride,  CuH,  is  formed,  which  is  easily  resolved  into  copper  and 
hydrogen.  The  reduction  reactions  mentioned  under  phosphorous  acid 
are  also  caused  by  hypophosphorous  acid.  Nascent  hydrogen  produces 
hydrogen  phosphide. 

BOBON 

§  100.  Boron  is  known  in  two  modifications,  amorphous 
and  crystalline.  It  is  insoluble  in  acids,  and  is  found  in 
nature  only  in  the  form  of  boric  acid  and  borates. 

Boric  Acid 
Boric  acid,  HgBOg,  crystallises  in  scales  which  are  diffi- 
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cultly  soluble  either  in  cold  water  or  alcohoL  The  acid  dissolves 
more  readily  in  hot  water,  but  evaporates  from  its  aqueous  or 
alcoholic  solution  on  heating,  being  volatile  in  the  vapour  of 
alcohol  or  water.  When  heated  alone  the  crystals  lose  water 
and  pass  into  boron  trioxide,  B^Og,  which  fuses  at  a  red  heat 
and  is  stable  at  the  highest  temperature.  In  solution,  boron 
trioxide  has  very  weak  acid  properties,  but,  owing  to  its  non- 
volatility,  is  capable,  in  reactions  by  the  dry  way,  of  displacing 
a  large  number  of  acids  in  their  salts  at  a  high  temperature. 
The  borates,  from  among  which  the  alkali  salts  are  soluble  in 
water,  are  also  stable  at  a  high  temperature,  and  fuse  on 
ignition  to  a  transparent  glass  (employment  in  analysis,  §  32, 
Eemarks).  Their  composition  is  very  complicated,  as  they 
correspond,  not  to  the  normal  hydrate,  but  to  its  various 
incomplete  anhydrides.  Borax,  Na^B^O^,  for  ex6unple,  is  the 
sodium  salt  of  the  anhydrohydrate, 

(OH)B<^      )B— O— B<;      J>B(OH), 

which  results  when  five  molecules  of  water  are  cut  off  from 
four  molecules  of  the  orthohydrate : 

4B(OH)3  =  (OH)2B^05  +  5H2O. 

Reactions  of  boric  add, — These  are  found  chiefly  in  the 
characteristic  properties  of  the  acid  itself,  or  of  its  volatile 
derivatives,  e.g,,  BFg ;  less  often  in  the  formation  of  insoluble 
borates. 

Flame  coloration  (by  volatile  boron  compounds). — Alcohol 
is  poured  over  boric  acid  or  its  salt  (the  latter  first  being 
decomposed  by  the  addition  of  sulphuric  acid),  the  liquid 
warmed,  and  the  escaping  alcoholic  vapour  lighted.  The 
small  amount  of  boric  acid  which  volatilises  with  the  alcohol 
imparts  to  the  flame  of  the  latter  a  characteristic  green 
colour,  which  is  sometimes  visible  only  at  the  edge  of  the 
flame.  Copper  salts  and  ethyl  chloride,  CgH^Cl  (which  may 
form  from  alcohol  if  the  experiment  be  made  in  presence  of 
hydrochloric  acid  or  metallic  chlorides),  have  a  colouring  effect 
upon  a  flame  similar  to  that  of  boric  acid.  For  the  detection  of 
the  latter,  therefore,  the  method  must  be  somewhat  modified. 
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The  dry  boric  acid  or  borate  is  mixed  with  four  parts  of  acid 
potassium  sulphate  and  one  part  fluor  spar  (calcium  fluoride). 
If  the  mixture  be  moistened  with  water  and  brought  into  the  outer 
cone  of  the  Bunsen*s  flame,  volatile  boron  fluoride,  BFg,  forms 
and  the  flame  momentarily  assumes  a  green  tinge : 

B2O3  +  6HF  =  2BF3  +  SHgO. 

Certain  boron  compounds  cause  the  reaction  when  simply 
moistened  with  hydrofluosilicic  acid  (or  ammonium  silico- 
fluoride)  and  heated.  The  green  boron  flame  gives  a  charac- 
teristic spectrum,  which  contains  four  brilliant  green  lines, 
some  of  them  corresponding  with  the  green  lines  of  bariuuL 

Action  upon  turmeric  paper.  —  Boric  acid,  and  soluble 
borates  in  presence  of  hydrochloric  acid,  colour  turmeric 
paper  a  characteristic  red,  which  becomes  especially  distinct 
after  the  moistened  paper  has  been  dried.  It  is  due  to  a 
compound  of  the  boric  acid  w^ith  the  colouring  matter  of  the 
paper.  When  acted  upon  by  alkalies  or  alkaline  carbonates 
the  coloration  changes  to  black  or  dark-green,  but  returns  to 
red  on  the  addition  of  hydrochloric  acid. 

Insoluble  borates  are  but  slightly  characteristic  Barium 
borate  is  obtained  by  the  action  of  barium  chloride  upon  a 
soluble  borate.  It  is  a  white  precipitate,  soluble  in  acids  and 
ammonium  salts,  and  is  not  precipitated  from  acid  solution  on 
neutralisation  by  ammonia. 

Silver  borate  is  a  white  precipitate  which  dissolves  in 
nitric  acid  and  ammonia.  It  forms  only  when  the  borate 
solution  is  concentrated.  On  addition  of  silver  nitrate  to  a 
dilute  solution,  a  brown  precipitate  of  silver  oxide  is  obtained. 

SILIOON 

• 

§  101.  Silicon  is  known  in  both  the  crystalline  and 
amorphous  state.  It  is  obtained  by  reduction  of  sodium 
silicofluoride  with  sodium  or  aluminium  at  a  very  high  tem- 
perature. If  sodium  be  used  the  silicon  is  obtained  as  the 
amorphous  variety,  but  in  the  second  case  dissolves  in  the 
molten  aluminium  and  crystallises  on  cooling,  as  an  alloy  with 
the  metal  (in  regular  octahedra — graphitoidal  silicon).  This 
reduction  may  also  be  eflected  by  heating  silica  with  mag- 
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nesium,  the  reaction  being  very  vigorous  (Beketofif,  Gattermann). 
Crystallised  silicon  is  soluble  only  in  a  mixture  of  hydrofluoric 
and  nitric  acids,  but  its  solution  may  readily  be  efifected  by 
fusion  with  sodium  oxide,  with  which  it  forms  a  sodium 
silicate.  Silicon  occurs  in  nature  combined  with  oxygen  as 
silica  (silicic  acid),  the  salts  of  which  are  called  silicates. 

Silicic  Acid 

Silicon  dioxide,  SiO^,  is  very  abundant  in  the  mineral 
kingdom.  Its  crystalline  modifications  (quartz,  rock-crystal, 
amethyst,  sand)  have  the  sp.  gr.  2*6.  If  this  variety  be 
strongly  ignited,  however,  a  lowering  of  the  specific  gravity  is 
caused,  and  the  latter  becomes  2*2.  When  artificially  pre- 
pared by  ignition  of  the  hydrate,  silica  is  a  white  powder 
which  melts  at  a  very  high  temperature  and  likewise  has  the 
sp.  gr.  2*2.  The  hydrated  acid  is  also  found  in  nature  (with 
varying  quantities  of  water, — opal,  chalcedony,  agate,  flint,  etc.) 
When  soluble  silicates  are  decomposed  by  acids,  the  hydrate, 
HgSiOg  =  SiOg .  HgO,  is  precipitated  (see  below  for  the  con- 
ditions). The  hydrated  acid  is  somewhat  soluble  in  water, 
more  so  in  acids  (it  may  be  obtained  in  aqueous  solution  by 
dialysis),  but  when  heated  (to  130°)  it  loses  water,  and  with 
the  latter  its  solubility  in  either  water  or  acids.  This  operation 
is  called,  in  analytical  terms,  the  conversion  of  the  silica  to  the 
insoluble  state.  Silica  resists  the  greatest  heat,  and  at  a  high 
temperature  drives  many  acids  from  their  salts.  In  the  hy- 
drated state  and  at  a  low  temperature,  however,  it  forms  one 
of  the  weakest  of  all  the  acids.  It  dissolves  in  alkalies  and 
alkaline  carbonates  to  the  soluble  potassium  and  sodium  silicates, 
and  is  somewhat  soluble  in  ammonia,  though  insoluble  in 
ammonium  carbonate  (important  characteristic).  The  silicates 
of  the  other  metals  are  insoluble  in  water,  but  are  easily  de- 
composed by  acids,  with  separation  of  sihca.  In  the  mineral 
silicates  the  ratio  between  the  metal  and  silica  varies  greatly. 
The  simplest  forms  are  represented  by  the  types,  E^SiOg,  and 
E^SiO^ ;  e.g.,  woUastonite,  CaSiOg  or  CaO  .  SiO^,  olivine,  Mg^SiO^ 
or  2MgO .  SiOg.  The  majority  of  the  silicates  are  salts  of  poly- 
silicic  acids,  xROy^iO^,  where  x  and  y  have  different  values. 
The  silicates  usually  contain  the  following  metals :  iron  (ferrous 
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and  ferric),  manganese,  aluminium,  magnesium,  calcium,  and  the 
alkali  metals.  These  compounds  show  a  widely  differing  be- 
haviour toward  acids.  Some  of  them,  like  the  artificial  silicates, 
are  easily  decomposed  by  acids,  while  upon  others  the  latter 
have  no  effect.  The  decomposition  of  silicates  of  the  second 
class  is  effected  by  their  conversion  to  alkali  silicates  (by  fusion 
with  potassium  and  sodium  carbonates),  or  into  the  barium  or 
calcium  salts  (by  the  action  of  the  respective  oxides).  These 
operations  will  be  more  fully  discussed  below. 

Reactions  of  Silica  and  the  Silicates. — These  consist 
chiefly  in  the  precipitation  of  the  hydrated  silicic  acid,  which 
is  recognised  by  its  characteristic  properties.  The  formation 
of  silicon  fluoride  is  also  employed,  but  is  less  important. 

Frecipitation  of  silicic  add.  By  the  wet  way:  action  of 
adds, — a.  The  soluble  silicates  of  the  alkali  metals  {e.g.,  the  so- 
called  "  soluble  glass  ")  are  easily  decomposed  by  acids.  On  the 
addition  of  a  small  quantity  of  hydrochloric  acid,  a  white 
gelatinous  precipitate  of  silicic  acid  is  obtained  (precipitation  is 
incomplete).  If  a  large  amount  of  hydrochloric  acid  be  added 
to  a  solution  of  potassium  silicate,  however,  no  precipitate 
forms,  the  silicic  acid  remaining  in  solution,  and,  after  standing 
for  some  time,  the  liquid  solidifies  to  a  transparent  gelatine. 
The  more  dilute  the  solution  is,  the  more  silica  remains  un- 
precipitated  by  hydrochloric  acid.  The  properties  of  the  pre- 
cipitate will  be  explained  later. 

h.  The  silicates  which  are  insoluble  in  water  are  divided, 
in  reference  to  the  separation  of  their  silica  by  acids,  into  two 
classes,  the  one  being  decomposed,  and  the  other  unaffected  by 
acids. 

Silicates  which  are  insoluble  in  water,  but  decomposed  by 
adds, — To  separate  the  silica  from  compounds  of  this  class, 
they  are  reduced  to  as  fine  a  powder  as  possible  in  an  agate 
mortar,  and  treated  in  a  dish  with  hydrochloric  acid.  The 
mixture  is  then  heated  on  the  water-bath  until  complete  de- 
composition has  been  effected.  The  silicic  acid  separates  as 
a  gelatinous  mass,  rarely  in  the  form  of  powder.  The  more 
finely  the  silicate  has  been  pulverised,  the  more  rapid  and  com- 
plete its  decomposition.  The  operation  may  be  considered 
finished  when  no  more  grains  of  the  mineral  are  felt  upon  the 
residue  being  stirred  with  a  glass  rod. 
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c.  The  silicates  which  are  not  decomposed  by  acids  form  the 
majority. 

Stability  toward  acids  in  such  silicates  may  depend  upon  the  crystal- 
lisation of  the  silica.  Many  of  these  minerals  can  he  decomposed  by  acids 
after  strong  ignition,  which  lowers  the  specific  gravity  (due,  in  all 
probability  to  the  conversion  of  the  crystallised  silica  to  the  amorphous 
state,  compare  above).  Almost  all  silicates  decompose  when  heated  with 
sulphuric  acid  to  250°  C.  in  a  sealed  tube. 

• 

Silicates  unaffected  by  acids  are  usually  converted  in  the 
first  processes  of  analysis  to  compounds  which  are  thus  decom- 
posed. This  is  accomplished  through  fusion  with  a  mixture  of 
potassium  and  sodiimi  carl>onates,^  with  calcium  oxide,  or  with 
barium  oxide.  The  silicate  (very  finely  pulverised)  is  fused 
with  four  parts  of  the  mixed  alkali  carbonates  in  a  platinum 
crucible,  heat  being  applied  cautiously  until  the  evolution  of 
carbon  dioxide  ceases.  The  ignition  may  be  stronger  toward 
the  end  of  the  operation,  or  when  the  substance  shows  no  more 
tendency  to  effervesce.  The  fusion  converts  the  silica  of  the 
mineral  to  sodium  and  potassium  silicates,  which  are  then 
extracted  by  water  (the  oxides  or  carbonates  of  the  metals 
contiiined  in  the  mineral  remain  undissolved). 

The  solution  is  then  treated  with  hydrochloric  acid,  with- 
out previous  filtration,  the  acid  being  added  gradually.  This 
causes  the  silicic  acid  to  separate  in  the  fonn  of  a  gelatinous 
precipitate,  and  brings  the  basic  constituents  into  solution.  If 
calcium  or  barium  oxide  be  employed  (four  parts  of  which  are 
taken  to  one  of  the  silicate)  the  operation  is  performed  in  the 
same  manner  (though  preferably  in  a  silver  crucible).  This 
method  is  usually  employed  to  detect  the  alkali  metals  in 
silicates  which  are  not  decomposed  by  acids.  (This  is  im- 
possible in  the  first  method.) 

The  alkalies  in  silicates  may  also  be  conveniently  determined  by 
fusion  of  the  mineral  (1  part)  with  ammonium  chloride  (1  part)  and 
precipitated  calcium  carbonate  (8  parts).  The  substances  must  be 
thoroughly  mixed,  and  fused  cautiously  at  first,  but  afterwards  for  half  an 
hour  before  the  blow -pipe.  The  mass  is  then  treated  with  a  small 
quantity  of  water,  taken  from  the  crucible,  and  the  solution  filtered.     The 


^  In  molecular  proportions.  It  is  usually  prepared  by  igniting  potassium 
sodium  tartrate,  KNa(C4U40e),  and  extracting  with  water.  The  mixture  is 
employed  because  sodium  carbonate  alono  is  difficultly  fusible. 

S 
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alkalies  are  to  be  found  in  the  filtrate,  together  with  a  small  quantity  of 
the  calcium  salts.     (They  are  detected  as  in  §  24.) 

d.  Conversion  of  tlie  silicic  add  to  tJie  insoluble  state. — In  all 
the  foregoing  operations  a  portion  of  the  silicic  acid  is  obtained 
as  a  gelatinous  precipitate,  and  the  rest  remains  in  solution. 
Its  separation  in  this  way  is  therefore  imperfect,  and  such 
solutions,  moreover,  are  very  difficult  to  filter.  To  completely 
remove  the  silica  (by  converting  it  to  its  insoluble  modification) 
the  solution  obtained  in  either  of  the  above  operations  is  treated 
with  hydrochloric  acid  and  evaporated  to  dryness  on  the  water- 
bath,  with  frequent  stirring  with  a  glass  rod  (it  is  still  better 
to  heat  the  residue  for  some  time  at  130**-140**  C.)  The  con- 
version of  the  silicic  acid  to  the  insoluble  state  is  due  to 
its  passage  into  anhydrous  silica.  The  residue  is  next 
moistened  with  fuming  hydrochloric  acid,  and  finally  treated 
with  water,  which  extracts  the  metallic  oxides  (of  Fe,  Al,  Ca, 
etc.)  which  the  mineral  contained.  The  silica  remains  as  an  in- 
soluble residue,  and,  after  filtration  and  washing,  is  obtained  as 
a  light  white  powder. 

The  above  reactions  are  employed  in  the  qualitative  analysis  of 
silicates,  and  careful  attention  must  be  paid  to  the  last  process — the 
separation  of  silica  by  evaporation  to  dryness — as  it  may  otherwise  be 
found  in  the  precipitates  obtained  with  ammonium  sulphide,  etc 
(especially  in  that  of  AL)  The  purity  of  the  silica  must  also  be  confirmed, 
as  aluminium  shows  the  same  behaviour  as  silicon  in  many  reactions.  As 
a  confirmatory  test,  the  separated  silica  is  treated  with  boiling  concen- 
trated hydrochloric  acid  ;  aluminium  oxide  dissolves,  and  may  be  detected 
in  this  solution.  It  may  be  well  to  mention  that  the  difficulties  witli 
which  the  perfect  separation  of  silica  is  surrounded  render  a  test  for  the 
latter  necessary,  in  the  precipitates  obtained  in  the  examination  for  the 
metals  (especially  those  of  Group  III.  Division  1).  The  precipitates  are 
treated  with  boiling  hydrochloric  acid,  which  leaves  the  silica  undissolved. 
The  detection  of  alkali  metals  in  silicates  which  are  unaffected  by  acids 
has  already  been  explained,  and  will  be  more  fully  treated  below. 

The  separcUion  of  silica  hy  tlie  dry  metJtods  is  employed  as  a 
prelimiuary  test  for  its  presence,  especially  in  silicates  which 
are  not  decomposed  by  acids,  and  is,  therefore,  an  important 
reaction.  Microcosmic  salt  is  fused  in  the  loop  of  a  platinum 
wire  to  a  clear  bead,  and  then  sprinkled  with  a  few  grains  of 
the  pulverised  mineral.  All  the  constituents  of  the  silicate 
except  silica  dissolve ;  the  latter,  being  insoluble  in  the  micro- 
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cosmic  salt,  swims  about  in  the  bead,  in  the  form  of  the  original 
pieces  of  mineral  (silicon  skeleton).  The  theory  and  perform- 
ance of  this  operation  have  been  explained  in  §  32. 

This  reaction,  which  was  at  one  time  undisputed,  must,  according  to 
the  investigations  of  Haushofer  and  Hirschwald,  be  admitted  as  inaccurate. 
There  are  many  silicates,  such  as  the  zeolites,  which  dissolve  completely 
in  the  microcosmic  bead,  while,  on  the  other  hand,  it  has  no  effect  upon 
certain  minerals,  such  as  apatite,  which  contain  no  silica. 

Formation  and  properties  of  silicon  fiuoride, — Hydrogen 
fluoride  dissolves  silica  with  formation  of  silicon  fluoride.  The 
amorphous  variety  is  especially  soluble  in  this  acid  (the 
reaction  is  violent).  Crystallised  silica  and  the  silicates  go 
into  solution  more  slowly,  but  nevertheless  completely.  It 
often  happens  that  no  silicon  fluoride  is  evolved,  a  silico- 
fluoride  being  formed  instead: 

CaSiOg  +  6HF  =  CaSiF^,  +  SHoO. 

This  is  prevented  if  the  reaction  be  brought  about  in 
presence  of  sulphuric  acid,  which  decomposes  the  silicofluoride 
with  formation  of  hydrofluoric  acid  and  sihcon  fluorida 
Ammonium  fluoride  (3  parts  to  1  part  of  the  powdered  mineral) 
or  calcium  fluoride  may  be  conveniently  substituted  for  hydro- 
fluoric acid.  Concentrated  sulphuric  acid  is  added  to  a 
mixture  of  the  fluoride  and  the  silicate  in  a  platinum  dish, 
and  the  whole  cautiously  warmed.  If  a  drop  of  water  be  held 
in  a  platinum  loop  above  the  dish  in  which  the  test  is  made, 
the  silicon  fluoride,  in  coming  in  contact  with  the  water, 
decomposes  to  hydrofluosilicic  acid  and  silica  (§  94),  and  the 
latter  forms  a  thin  white  skin  upon  the  surface  of  the  drop. 

The  reactions  with  hydrofluoric  acid  (ammonium  fluoride) 
in  presence  of  sulphuric  acid  may  be  employed  with  particular 
advantage  for  the  detection  of  the  alkalies  in  silicates  (which 
cannot  be  decomposed  by  acids).  The  test  is  made  as  above, 
and  when  the  reaction  has  ceased  (the  silicon  been  removed  as 
silicon  fluoride),  the  metals  which  the  silicate  contained  are 
left  in  the  form  of  sulphates. 

Supplement 
§  102.  Qualitative  Analysis  of  Silicates. — The  presence 
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of  silica  is  usually  detected  by  the  formation  of  its  skeleton 
when  the  mineral  is  fused  with  microcosmic  salt  (§  101). 
For  analysis,  the  finely-powdered  silicate  is  heated  for  some 
time  with  concentrated  hydrochloric  acid  at  a  temperature 
near  the  boiling-point  of  the  latter.  The  acid  decomposes  it 
either  (1)  fully,  (2)  in  part  {e.g.,  many  rocks  which  contain 
several  silicates),  or  (3)  not  at  alL  The  three  cases  will  be 
separately  observed. 

1.  The  silicate  is  completely  decomposed  by  hydrochloric  acid. 
— The  mineral  is  treated  with  hydrochloric  acid,  and  the 
silica  removed  according  to  §  101  (b  and  c).  The  metals  are 
detected  in  the  hydrocliloric  acid  solution  by  the  usual  system ; 
the  silicii  residue  must  also  be  examined  (§  101). 

The  silica  often  contains,  as  impurities,  titanium  oxide  (which  may 
also  go  into  solution  with  the  metals),  aluminium  oxide,  and,  occasionally, 
strontium  and  barium  sulpliatcs.  The  best  method  of  procedure  is  to 
treat  the  residue  with  hydrofluoric  acid,  and,  after  removing  the  silicon 
and  igniting  the  residue,  to  fuse  the  latter  with  acid  potassium  sulphate, 
and  treat  the  product  with  cold  water.  An  insoluble  residue  consists  of 
the  sulphate  of  barium  or  strontium  (the  metals  are  detected  as  in  ^19, 
20).  Metatitanic  acid  is  then  precipitated  by  boiling  the  solution,  and, 
after  filtering,  the  aluminium  hydroxide  is  thrown  down  from  the  filtrate 
by  ammonia. 

2.  If  the  silicate  is  incompletely  decomposed  by  hydrochloric 
acid,  it  is  again  treated  with  the  latter  as  in  1.  If  no  further 
decomposition  ensues,  the  solution  is  decanted  from  the  residue, 
and  (after  the  removal  of  the  dissolved  silica)  is  examined  for 
the  metals  which  it  contains.  The  residue  insoluble  in  hydro- 
chloric acid  is  washed  and  boiled  with  sodium  carbonate  (to 
remove  the  silica  already  formed).  It  is  then  filtered,  washed, 
and  treated  as  in  3. 

3.  If  tlic  silicate  is  not  deco7nposed  by  acids,  a  portion  is 
fused  with  sodium  and  potassium  carl>onates  according  to 
§  101  c.  Half  of  the  product  is  retained  (see  below),  and  the 
remainder  treated  with  water  and  hydrochloric  acid  (§101  d). 
The  silica  is  then  removed  (its  purity  tested  as  in  1),  and  the 
metals  detected  in  the  solution  by  the  usual  methods  (§  87). 
Another  portion  of  the  mineral  is  examined  for  the  alkali 
metals,  most  simply  by  ignition  with  barium  oxide  (4  parts) 
for  half  an  hour  in  a  silver  crucible.     Tlie  product  is  then 
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dissolved  in  water  and  hydrocliloric  acid,  and  the  solution 
precipitated  by  ammonia  and  ammonium  carbonate.  The 
filtrate  is  next  evaporated  to  dryness  and  ignited.  After  re- 
solution of  the  residue  and  a  second  precipitation  by  ammonia 
and  ammonium  carbonate,  the  alkalies  are  detected  as  in  §  14. 
The  method  of  decomposing  the  silicate,  for  the  detection  of 
alkalies,  by  fusion  with  ammonium  chloride  and  calcium 
carbonate,  is  given  in  §  101  c. 

Silicates  often  contain  not  only  metals  but  also  certain 
metalloids.  Carbonic  acid  and  hydrogen  sulphide  are  recognised 
upon  treatment  with  hydrochloric  acid,  the  first  according  to 
§  103,  the  Second  (from  sulphides)  by  its  odour  and  the 
reactions  explained  in  §  95.  The  hydrochloric  acid  solution, 
obtained  either  as  in  1  (designated  below  by  1)  or  from  the 
fusion  product  obtained  in  3  (designated  3),  is  subjected,  in 
small  separate  portions,  to  the  following  tests : 

Sulphuric  acid. — In  1 :  Precipitation  with  barium  chloride ; 
in  3,  the  same,  after  acidifying  with  hydrochloric  acid. 

Arsenic  and  jplwsphoric  acid, — In  1  :  The  solution  is 
diluted  with  water  and  treated  with  hydrogen  sulphide  (at 
70°  C.)  The  filtrate  is  evaporated  to  dryness  with  nitric  acid, 
the  residue  extracted  by  nitric  acid  and  water,  and  the  resulting 
solution  precipitated  by  ammonium  molybdate  (§  50).  In  3  : 
The  solution  is  acidified  with  hydrochloric  acid  and  treated  as 
above. 

Boric  acid, — In  1 :  The  mineral  is  fused  in  a  platinum 
spoon  with  potassium  and  sodium  carbonates,  the  product 
extracted  with  water,  and  the  solution  tested  with  turmeric 
paper  or  in  the  alcohol  flame,  according  to  §  100.  In  3  :  As 
the  mineral  has  already  been  fused  with  the  alkaline  carbonates, 
the  test  may  be  directly  made. 

Chlorine. — In  1 :  The  mineral  is  most  conveniently  dis- 
solved in  nitric  acid,  and  the  solution  tested  with  silver 
nitrate  (§  60).  In  3  :  The  treatment  is  the  same,  nitric  acid 
being  first  added. 

Fluorine. — In  1  :  The  test  is  made  as  in  §  94.  In  3  : 
After  the  addition  of  hydrochloric  acid  and  removal  of  carbonic 
acid,  the  warm  liquid  is  saturated  with  ammonia  and  filtered 
into  a  flask.  Calcium  cliloride  is  then  added  to  the  still  warm 
filtrate,  and  the  latter  allowed  to  stand  for  some  time  in  the 
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corked  flask.     The  precipitate  of  calcium  fluoride  which  forms 
is  examined  according  to  §  94. 

GABBON 

§  103.  Carbon  has  several  allotropic  modifications.  In 
the  crystalline  condition  it  is  called  diamond  and  graphite,  and 
the  amorphous  variety  is  familiar  to  us  as  soft  coal,  anthracite, 
and  lamp-black.  The  latter  substances  contain,  beside  carbon 
and  mineral  components  (ash),  hydrogen,  oxygen,  and  frequently 
nitrogen.  All  the  modifications  of  carbon  can  be  converted 
to  graphite  at  a  high  temperature.  Amorphous  carbon  readily 
absorbs  gases,  and  odorous  or  colouring  substances  (it  is  used  in 
the  arts,  as  "  Animal-char,"  to  decolorise  liquids).  Amorphous 
carbon  is  black  in  all  its  varieties.  It  is  insoluble  in  acids,  and 
affected  by  chlorine  neither  at  ordinary  nor  liigh  temperatures. 
The  latter  characteristic  may  be  employed  with  advantage  to 
distinguish  carbon  from  all  compounds  of  the  same  colour  and 
from  metals.  When  oxidised  by  oxygen  or  the  air  at  a  high 
temperature,  carbon  burns,  more  or  less  slowly,  to  carbon 
dioxide  (safest  test  for  carbon).  The  compounds  of  carbon  varj* 
between  the  widest  limits  (the  so-called  organic  compounds), 
and  we  shall  discuss  only  those  with  oxygen,  particularly 
carbon  dioxide,  or  carbonic  acid. 

The  so-called  organic  compounds  of  carbon  are  recognised  by  the  follow- 
ing general  points  in  their  behaviour.  The  volatile  compounds  are  usually 
combustible,  and  when  lighted,  bum  to  water  and  carbon  dioxide.  Non- 
volatile compounds  are  decomposed  by  gentle  heat,  leaving  a  black  residue 
(ijB.,  carbon  separates).  If  organic  compounds  be  mixed  with  cupric  oxide 
and  heated  to  faint  redness  in  a  glass  tube,  carbonic  acid  forms  ;  the  latter 
may  he  led  into  a  solution  of  barium  hydroxide,  and  barium  carbonate 
thus  precipitated.  % 

Carbon  monozide,  CO,  is  a  colourless  gas  which,  when  hghted  in  the 
air,  bums  to  carbonic  acid  with  a  bluish  flame  (characteristic).  As 
a  further  peculiar  property  of  this  gas,  its  absorption  by  a  solution  of 
cuprous  chloride  in  hydrochloric  acid  may  be  mentioned  (the  compound 
CuClo .  CO  +  2H2O  is  formed).  If  the  solution  be  boiled,  or  even  diluted 
with  water,  the  carbon  monoxide  is  again  evolved.  Carbon  monoxide 
precipitates  metallic  palladium,  from  palladious  chloride,  as  a  black 
powder,  the  gas  itself  becoming  oxidised  to  carbon  dioxide : 

PdClj  +  CO  +  HaO  =  Pd  +  2HC1  +  CO^. 

The  mixture  of  gases  to  be  tested  for  carbon  monoxide  is  led  into  a 
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solution  of  palludious  chloride,  after  being  freed  from  hydrogen  sulpliide 
by  lead  acetate  solution. 

Carbon  Dioxide 

Carbon  dioxide  is  gaseous  at  the  ordinary  temperature,  but 
condenses  to  a  liquid  under  pressure  (36  atmospheres  at  0°  C.) 
and  cold.  If  the  fluid  dioxide  be  suddenly  evaporated,  the 
temperature  falls  to  —  80°  C,  and  a  portion  is  obtained  as  a 
snow-like  solid.  Gaseous  carbon  dioxide  dissolves  to  a  slight 
extent  in  water  (about  one  volume  is  absorbed  at  the  ordinary 
temperature  and  atmospheric  pressure),  and  its  solution  imparts 
a  characteristic  dark-red  colour  to  blue  litmus  paper.  Carbon 
dioxide  has  no  hydrate,  and  is  known  only  as  the  anhydride  of 
the  acid.  It  acts  as  a  weak  acid ;  many  of  the  metals  form 
no  carbonates  at  all  {e.g.,  aluminium,  etc.),  others  only  basic 
salts.  Of  the  carbonates,  the  alkali  salts  and  thallium  carbonate 
are  the  only  ones  soluble  in  water  (characteristic  of  these 
metals).  The  salts  of  other  metals  are  all  precipitated  by  the 
alkaline  carbonates  (some  as  hydroxides,  some  as  basic  salts). 
The  alkalies  also  form  acid  carbonates,  which  are  easily 
decomposed  by  heat,  with  evolution  of  carbon  dioxide  and 
formation  of  the  normal  carbonates.  Water  containing  carbonic 
acid  also  dissolves  the  carbonates  of  barium,  strontium,  calcium, 
and  magnesium.  All  carbonates  except  those  of  the  alkali 
metals  and  barium  are  decomposed  on  ignition,  yielding  as  a 
rule  the  metallic  oxide. 

Reactions  of  Oarbon  Dioxide  and  the  Oarbonates. — 

Free  carbon  dioxide  can  occur  in  analysis  either  as  the  gas  or 
in  solution.  The  carbonates  may  exist  in  solution  or  as  solid 
substances. 

1.  Carbon  dioxide  as  the  gas,  and  also  in  solution,  may  be 
detected  with  a  solution  of  calcium  or  bmum  hydroxide.  It 
forms  with  these  reagents  the  respective  carbonates,  which  are 
insoluble  in  water  but  dissolve  readily  in  acids. 

2.  Soliihle  carbonates  are  precipitated  by  calcium  chloride. 
The  properties  of  calcium  carbonate  have  already  been 
described. 

3.  Carbonates  insoluble  in  water  are  recognised  by  their 
behaviour  toward  weak  hydrochloric  acid.  The  latter  liberates 
carbon  dioxide,  the  properties  of  which  have  been  given  above. 
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The  liberation  of  carbon  dioxide  from  the  carbonates  is 
easily  effected,  being  caused  by  all  acids  except  hydrocyanic, 
boric,  and  hydrogen  sulphide.  If  hydrochloric  or  some  other 
acid  be  added  to  a  carbonate  the  carbon  dioxide  escapes  with 
effervescence,  especially  if  heat  l)e  applied.  The  generated  gas 
is  colourless,  and  turns  moist  blue  litmus  paper  cherry -red. 
For  a  confirmatory  test,  it  is  led  into  a  solution  of  barium  or 
calcium  hydroxide,  as  above. 

H7DB0GEN,  OXYGEN 

§  104.  Hydrogen  is  a  colourless  gas,  and  has  the  lowest 
specific  gravity  of  any  substance  known  (sp.  gr.  =  0'06926). 
It  bums  when  lighted  in  the  air  (characteristic),  undergoing 
oxidation  to  water.  A  mixture  of  hydrogen  and  oxygen  or  air, 
in  certain  proportions,  is  highly  explosive  (detonating  gas). 
Hydrogen  reduces  many  metallic  oxides  and  chlorides  at  a 
high  heat,  and  even  at  the  ordinary  temperature  it  effects 
many  reductions,  if  acting  in  the  nascent  state, — in  the  moment 
of  its  generation  from  zinc  and  hydrochloric  acid,  or  zinc  in 
alkaline  solution,  etc.,  before  its  atoms  have  combined  to 
molecules. 

Oxygen  is  a  colourless  gas,  sp.  gr.  =  1-10525.  It  is  in- 
combustible, but  supports  combustion.  If  a  glowing  chip  of 
wood  be  held  in  an  atmosphere  of  oxygen,  it  takes  fire  (this  is 
used  as  a  test  for  oxygen ;  nitric  oxide  gives  the  same  reaction). 
Oxygen  combines  with  many  easily  oxidisable  substances,  even 
at  the  ordinary  temperature,  and  this  property  is  taken 
advantage  of  in  the  determination  of  oxygen  in  a  mixture  of 
gases  (phosphorus  or  a  solution  of  pyrogallol,  CgHjj(OH)jj,  in 
potassium  hydroxide  is  employed).  The  quantity  of  oxygen 
dissolved  in  a  solution  (in  water  analyses,  for  example)  is 
determined  most  readily  by  sodium  hyposulphite,  Na^S^O^ 
(indigo  being  used  as  an  indicator).  A  good  absorption-medium 
for  oxygen  is  found  in  chromous  acetate,  Cr(C2Hg02)2,  which  is 
prepared  from  chromic  chloride,  CrClg,  by  reduction  with  zinc 
and  hydrochloric  acid  in  presence  of  sodium  acetate.  The 
experiment  is  made  in  a  flask  fitted  with  a  rubber  valve.  The 
blue  solution  is  converted  by  the  oxygen  absorbed  to  a  green 
one  of  the  chromic  salt. 
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OzoTie  is  a  modification  of  oxygen,  which  is  formed  when 
an  electric  spark  is  passed  through  the  latter  gas,  and  results, 
together  with  oxygen,  from  the  decomposition  of  certain 
peroxides.  It  is  also  formed  when  phosphorus  is  oxidised  in 
the  air  in  presence  of  water.  The  density  of  ozone  is  one-third 
greater  than  that  of  oxygen.  When  heated  it  passes  into 
oxygen,  but  at  the  ordinary  temperature  is  a  much  more  power- 
ful oxidising  agent  than  the  latter.  The  liberation  of  iodine 
from  potassium  iodide  by  its  means  is  especially  characteristic. 
To  make  this  test  for  ozone  we  use  paper  which  has  been  soaked 
in  starch-paste  and  potassium  iodide ;  if  ozone  is  present  the 
paper  becomes  blue  (the  test  must  be  made  in  the  absence  of 
the  nitrogen  oxides). 

Hydrogen  and  oxygen  are  quantitatively  estimated  (gas  analysis)  by 
exploding  the  gas  with  oxygen  or  hydrogen,  and  determining  the  change 
in  volume  (contraction)  which  the  gas  has  undergone  in  forming  water. 
If  only  small  quantities  of  oxygen  and  hydrogen  are  present  in  a  mixture 
of  gases,  this  is  the  most  accurate  method  for  their  detection. 

Water 

The  properties  of  water  are  too  well  known  to  require 
explanation  in  detail.  It  is  a  fluid  which  crystallises  at  0°  C. 
(ice,  snow)  and  boils  at  100°.  Solutions  to  be  analysed  6u:e 
usually  aqueous,  and  it  is  therefore  unnecessary  to  examine 
them  for  the  presence  of  water.  Qualitative  tests  for  it  are 
usually  required  only  in  solid  substances.  The  water  may  be 
present  either  as  water  of  crystallisation,  or  aid  a  mechanical 
constituent  of  the  substance  (hygroscopic  water).  Less 
frequently,  the  compound  to  be  examined  contains  hydrogen 
{eg.,  in  acid  salts,  etc.),  which  can  be  distinguished  as  such  only 
tlirough  quantitative  determinations. 

To  test  for  water,  the  substance  to  be  examined  is  subjected 
to  the  action  of  a  high  temperature.  All  salts  which  contain 
water  of  crystallisation  are  by  these  means  more  or  less  readily 
decomposed.  The  test  is  made  in  a  glass  tube  sealed  at  one 
end.  Heat  is  applied  to  the  substance,  and  the  presence  of 
water  shown  by  a  thin  film  of  moisture  which  forms  in  the 
cold  section  of  the  tube,  and  collects  into  drops  if  the  quantity 
of  water  be  large. 


"n^. 
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Hydrogen  Peroxide 

With  the  preparation  of  hydrogen  peroxide  on  a  large  scale  (in  about 
a  3  per  cent  solution)  its  use  in  qualitative  and  quantitative  analysis  has 
also  become  more  frequent  Hydrogen  peroxide  is  detected  by  the  following 
method.  Dilute  sulphuric  acid,  zinc  iodide,  starch-paste,  two  drops  of  a  2  per 
cent  solution  of  copper  sulphate,  and  a  small  quantity  of  ferrous  sulphate 
in  0*6  per  cent  solution  are  added  to  about  6  cm.  of  the  liquid  to  be  tested. 
If  hydrogen  peroxide  be  present  the  liquid  assumes  a  blue  colour,  either 
immediately  or  in  the  course  of  a  few  hours.  This  is  due  to  the  fact  that 
in  very  dilute  solutions,  zinc  iodide  and  copper  sulphate  yield  the  soluble 
compound,  Culg,  which  is  decomposed  in  the  reaction,  with  liberation  of 
iodine.  We  emphasise  once  more  that  the  test  is  to  be  made  only  with 
extremely  dilute  solutions. 


SYSTEMATIC  G0X7BSE  FOB  THE  DETECTION  OF  ACIDS 

§  105.  We  have  now  learned  the  individual  reactions  of 
the  various  acids,  and  the  next  task  is  to  elaborate  a  system 
for  their  detection.  Although  the  acids  are  recognised  by 
special  reactions,  it  is  advantageous,  in  \'ie\v  of  their  great 
number,  to  simplify  the  questions  of  analysis  by  showing  the 
absence  of  the  majority  of  the  acids,  and  testing  only  for  those 
which  are  included  in  the  remainder. 

There  are  several  methods  of  doing  this,  all  of  which  are 
generally  used  in  each  analysis. 

First  method. — The  reactions  caused  by  the  addition  of 
hydrochloric  acid  and  precipitation  with  hydrogen  sidphide,  in 
the  exannnation  for  metals,  are  observed  as  closely  as  possible. 
The  systematic  course  of  analysis  given  in  §  87  includes  the 
detection  of  those  acids  which  (1)  yield  gaseous  anhydrides  on 
acidulation  with  hydrochloric  acid,  and  those  (2)  which  are 
reduced  by  hydrogen  sulphide,  or  are  precipitated  as  sulphides 
(e,ff.y  arsenic  and  arsenious  acids). 

1.  (a)  If  addulatvm  with  hydrochloric  acid  is  accompanied 
by  eflTervescence  and  evolution  of  a  gas,  carbonic  acid,  sulphur- 
ous acid,  and  hydrogen  sulphide  may  be  present.  Carbon 
dioxide  is  detected  by  its  action  on  a  solution  of  barium 
hydroxide  (§  103) ;  sulphurous  acid  and  hydrogen  sulphide  by 
their  odour  and  the  test  with  lead  acetate  paper  (§  95). 
Hydrocyanic  acid  may  also  be  recognised  by  its  odour  at  this 
point.     (See  below  for  the  necessary  confirmatory  tests.) 
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(h)  If  the  addition  of  hydrochloric  acid  causes  an  opal- 
escence in  the  liquid,  or  throws  down  a  pale -yellow  pre- 
cipitate of  sulphur,  and  at  the  same  time  sulphurous  acid 
escapes  (recognised  by  its  odour),  the  solution  contained  thio- 
sulphuric  acid.  If  the  solution  be  heated  after  the  addition 
of  hydrochloric  acid,  and  chlorine  then  escapes,  this  indicates 
iodic,  chloric,  chromic,  or  nitric  acid. 

2.  The  precipitation  with  hydrogen  sulphide. — The  follow- 
ing acids,  in  addition  to  nitric  and  a  few  others  which  cause 
no  change  in  the  colour  of  the  solutions,  are  decomposed, 
sulphur  being  deposited  at  the  same  time : 

(a)  Chromic  acid  (the  solution  was  yellow  or  red) :  the 
solution  becomes  green.  Confirmatory  tests ;  precipitation  of 
the  lead  and  silver  salts  (chromium  is  detected  among  the 
metals). 

(h)  Iodic  acid:  the  solution  is  coloured  brown  by  the 
liberated  iodine.  The  latter  is  converted  to  hydriodic  acid  by 
an  excess  of  hydrogen  sulphide,  whereupon  the  liquid  loses  its 
colour. 

Second  method, — This  method  is  based  upon  the  pro- 
perties of  the  salts  of  the  various  metals  which  have  been 
ascertained  as  present.  If  the  metals  contained  in  the  sub- 
stance are  known,  and  also  the  reaction  of  the  original  solu- 
tion (neutral,  i.e.,  an  aqueous,  or  acid,  solution  in  an  acid),  it 
becomes  possible  to  strike  out  certain  acids  as  absent,  or,  in 
other  words,  to  omit  certain  tests.  This  may  be  made  more 
clear  by  an  example.  Let  us  suppose  that  barium  has  been 
detected ;  it  follows  that  if  the  solution  was  neutral  or  acid, 
sulphuric  acid  is  absent.  If  silver  was  present,  the  (acid  or 
neutral)  solution  contained  no  hydrogen  acids,  and  also  none 
of  a  large  additional  number  (see  p.  270).  To  simplify  such 
deductions,  a  table  of  the  solubility  of  the  more  common 
salts  in  water  and  acids  is  annexed.  In  this  table,  salts 
which  are  soluble  in  water  are  designated  by  1 ;  those  which 
are  insoluble  in  water,  but  soluble  in  acids,  by  2.  The  numbers 
1,2,  denote  salts  which  dissolve  sparingly  in  water,  but  readily 
in  acids ;  3,  salts  which  are  insoluble  in  acids ;  2,3,  insoluble 
or  difficultly  soluble  in  water,  difficultly  soluble  in  acids.  For 
the  sake  of  brevity,  the  acids  are  written  as  anhydrides.  The 
small  numbers  refer  to  the  notes  below  the  table : — 
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Tliird  Tnethod,  Classification  of  the  acids  into  groups, — 
(a)  The  first  two  methods  suffice  only  for  a  few  of  the  acids 
which  the  given  solution  may  contain.  The  remainder  are 
systematically  detected  as  follows.  The  various  acids  must  be 
in  solution  as  salts  of  the  alkali  metals  or  metals  of  Group  II. 
Such  solutions  are  prepared  thus.  The  test  with  hydrochloric 
acid  (see  above)  having  been  made,  a  separate  portion  of  the 
liquid  is  precipitated,  first  with  hydrogen  sulphide  (the  accom- 
panying tests  may  again  be  made),  and  then  with  ammonium 
sulphide.  The  solution  in  which  the  metab  have  been  de- 
tected and  separated  may  also  be  employed.  The  sulphides 
are  filtered  off,  the  excess  of  hydrogen  sulphide  and  ammonium 
sulphide  removed  by  boiling,  and  hydrochloric  acid  added. 
Such  a  solution,  of  course,  cannot  be  used  for  the  detection  of 
arsenic  acid,  etc.,  hydrochloric  acid  (which  has  been  added),  or 
chloric  acid  (which  decomposes  when  boiled  with  the  latter). 
The  tests  for  sulphuric  and  nitric  acids  are  also  more  or  less 
inexact.  To  detect  these  acids  the  solution  must  be  prepared 
as  follows. 

(b)  The  second  method  of  preparing  the  solution  is  more 
convenient  than  the  first  (the  test  for  carbonic  acid  with 
hydrochloric  acid  must  be  made  in  a  separate  portion).  The 
boiling  solution  is  precipitated  by  sodium  carbonate  in  slight 
excess,  and  filtered.  The  filtrate,  containing  the  various 
sodium  salts,  is  subjected  to  the  reactions  given  below.  Both 
methods  are  open  to  the  objection  that  salts  wliich  are  deposited 
from  acid  solutions  on  neutralisation  (e.g.,  phosphates,  etc.),  may 
also  be  precipitated.  In  such  cases,  and  also  when  the  sub- 
stance to  be  analysed  is  insoluble  in  water  or  acids,  fusion 
with  sodium  carbonate  must  be  employed  (§  107,  Eemark). 

The  detection  of  the  acids  may  be  commenced  directly  in 
the  first  solution ;  that  prepared  by  the  second  method  must 
first  be  neutralised,  by  hydrochloric  or  nitric  acid,  as  the  case 
may  be. 

Before  taking  up  the  course  of  analysis  itself,  it  may  be 
well  to  discuss  the  classification  of  the  acids  into  groups. 
This  is  based  upon  the  solubility  of  the  various  barium  and 
silver  salts  in  water  (and,  to  a  certain  extent,  in  acids). 
Barium  chloride,  added  to  the  neutral  solution,  is  the  general 
reagent  for  Group  I.,  silver  nitrate  in  nitric  acid  solution,  that 
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of  Group  11.     Group   III.  is  composed  of  acids,  the  barium 
and  silver  salts  of  which  are  soluble  in  water. 

Oroup  I, — Barium  chloride  precipitates  from  neutral  solu- 
tion the  barium  salts  of  the  following  acids :  chromic,  thio- 
sulphuric,  iodic,  carbonic,  silicic  (these  are  all  detected  in  the 
course  of  analysis  for  the  metals),  sulphuric,  hydrofluosilicic 
(barium  salts  are  insoluble  in  acids),  phosphoric,  boric,  hydro- 
fluoric (barium  salts  are  soluble  in  acids).  To  these  may  be 
added  arsenious  and  arsenic  acids,  which,  however,  have  been 
detected  among  the  metals.  The  silver  salts  of  the  acids  of 
Group  I.  are  insoluble  in  water,  but  dissolve  in  nitric  acid. 

Group  IL — Silver  nitmte  precipitates  in  solutions  acidified 
by  nitric  acid  the  silver  salts  of  the  following  acids :  hydro- 
chloric, hydrobromic,  hydriodic,  hydrocyanic,  hydrogen  sul- 
phide, hydrofeirocyanic,  and  hydroferricyanic. 

Group  III. — ^Nitric  and  chloric  acids  are  precipitated  by 
neither  reagent. 

We  must  remark  here  that  these  general  reagents  of  the 
different  groups  of  the  acids  are  not  group  reagents,  in  the 
sense  in  which  we  use  hydrogen  sulphide  or  ammonium  sul- 
phide for  the  metala  The  acids  of  one  group  cannot  be 
separated  from  those  of  another  by  the  addition  of  these 
reagents,  and  the  latter  merely  indicate  the  members  of  a 
definite  group.  The  acids  are  always  detected  by  means  of 
their  special  reactions,  and  the  use  of  general  reagents  is 
important  only  in  the  respect  that  they  dispense  at  once  with 
the  necessity  of  making  several  tests.  The  first  reagent  can 
detect  with  accuracy  sulphuric  acid  alone,  and  the  second 
(silver  nitrate)  only  hydrogen  sulphide  (see  below). 

Oonrse  of  Analysis. — The  group  to  which  the  acids  con- 
tained in  the  substance  belong  is  first  determined,  and  the 
acids  themselves  then  recognised  by  their  individual  reactions. 
The  acids  which  have  been  detected  in  the  preliminary  tests 
(with  hydrochloric  acid  and  hydrogen  sulphide)  are  not  in- 
cluded in  the  following  course  of  analysis.  Unless  directions 
to  the  contrary  are  given,  each  test  is  to  be  made  in  a  new 
portion  of  the  solution. 

1.  Barium  chloride  is  added  to  the  solution  (in  the  pre- 
sence of  silver,  lead,  or  mercurous  mercury,  barium  nitrate  is 
substituted) :  acid  solutions    must  be    previously    neutralised 
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with  ammonia.  If  no  precipitate  appears,  the  absence  of 
the  acids  of  Group  I.  is  proved  (with  t\\e  exception  of  small 
quantities  of  boric  or  hydrofluoric  acid).  If  a  precipitate 
ensues  which  does  not  dissolve  on  addition  of  hydrochloric  (or 
nitric)  acid — barium  sulphate — sulphuric  acid  is  indicated. 
The  remaining  acids  of  Group  I.  are  detected  by  the  reactions 
which  follow,  the  test  described  in  2  being  first  made. 

2.  A  portion  of  the  solution  prepared  by  the  second 
method,  and  neutralised  by  nitric  acid,  is  precipitated  by  silver 
nitrate.  The  non- formation  of  a  precipitate  indicates  the 
absence  of  acids  of  Group  II.  In  this  case  it  is  convenient  to 
follow  with  a  general  test  for  the  acids  of  Group  I.  Ammonia 
is  cautiously  added,  care  being  taken  that  the  layers  of  the 
two  liquids  do  not  mix.  If  no  precipitate  (or  turbidity) 
appears  at  the  point  of  contact,  the  absence  of  phosphoric, 
chromic,  arsenic,  arsenious,  silicic,  and  oxalic  (and  concen- 
trated solutions  of  boric)  acids  is  proved. 

3.  If  a  precipitate  formed  in  2,  more  nitric  acid  is  added. 
Complete  solution  of  the  precipitate  indicates  that  the  acids 
of  Group  II.  are  absent,  and  that  only  the  acids  of  Group  I. 
were  thrown  down.  If  on  the  contrary  it  does  not  redissolve, 
acids  of  Group  II.  are  present  (the  presence  of  those  of  Group 
I.  is  still  undetermined,  and  must  be  ascertained  by  special 
tests ;  see  below).  We  shall  first  discuss  the  detection  of  the 
acids  of  Group  I.,  taking  up  those  of  Group  II.  in  No.  7. 

4.  Pliosphoric  add, — Ammonium  chloride,  ammonia,  and 
magnesium  sulphate  are  added  to  a  portion  of  the  solution 
(§  50).  Small  quantities  of  phosphoric  acid  are  more  safely 
and  accurately  detected  by  ammonium  molybdate.  If  the 
solution  was  prepared  through  precipitation  by  sodium  car- 
bonate, it  must  first  be  acidified  and  treated  with  hydrogen 
sulphide,  to  remove  arsenic  acid.  This  is  necessitated  by  the 
fact  that  the  above  reagents  show  the  same  reaction  with 
arsenic  acid  as  with  phosphoric  acid. 

5.  Hydrofluoric  acid, — Ammonia  is  added  to  a  new  portion 
of  the  solution  until  the  reaction  is  alkaline,  and  then  calcium 
chloride.  The  precipitate  is  treated  with  acetic  acid.  If 
insoluble,  it  is  dried,  and  a  portion  tested  for  fluorine  with 
sulphuric  acid  (etching  glass,  §  94). 

6.  Boric  and  silicic  acids. — ^A  portion  of  the  solution  is 
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aciditiecl  with  hydrochloric  acid,  and  tested  with  turmeric 
paper  according  to  §  100  (chloric,  chromic,  and  hydriodic 
acids  must  be  previously  removed  if  present:  chromic  acid 
may  be  reduced  by  sulphurous  acid,  and  iodic  acid  precipitated 
by  silver  sulphate).  To  detect  silicic  acid,  if  it  has  not 
already  been  found  during  the  examination  of  the  metals  of 
Group  III.  (§  52),  the  hydrochloric  acid  solution  is  evaporated 
to  dryness  and  the  residue  extracted  with  hydrochloric  acid. 
Silicic  acid  remains  behind  (confirmatory  test  with  microcosmic 
salt,  §  101). 

7.  Tests  are  made  for  the  acids  of  Group  II.,  if  a  residue 
insoluble  in  dilute  nitric  acid  was  obtained  in  3.  If  the 
precipitate  was  black  (silver  sulphide)  hydrogen  sulphide  is 
indicated  (or,  in  general,  a  metallic  sulphide).  A  confirmatory 
test  must  be  made  by  precipitation  of  the  original  solution 
with  lead  oxide  in  caustic  potash  solution  (§  95). 

8.  Iodine,  hromine, — A  new  portion  of  the  solution  is 
tested  for  iodine  according  to  §§  90  and  91  (with  potassium 
nitrite  and  starch-paste),  and  for  bromine  (with  chlorine-water, 
or  prefembly,  by  §  91),  the  iodine  being  first  removed  as 
cuprous  iodide. 

9.  Cyanogen  is  detected  by  the  odour  emitted  when  the 
solution  is  acidified  with  sulphuric  acid,  and  according  to  §  97 
(formation  of  ferric  ferrocyanide  and  sulphocyanate).  The 
absence  of  ferro-  and  ferricyanides  is  required  in  this  test. 
They  are  detected  through  the  formation  of  precipitates  with 
ferric  and  ferrous  salts  (§  97). 

10.  If  the  results  of  the  foregoing  tests  (8,  9)  are 
negative,  the  precipitate  consisted  of  silver  chloride  (detection 
of  chlorine).  Confirmatory  tests  according  to  §  60,  and  re- 
actions for  chlorine  in  the  original  solution  (§  89). 

Chloric  and  nitric  acids, — A  portion  of  the  dried  substance 
is  moistened  with  sulphuric  acid.  In  presence  of  chloric  acid 
the  latter  becomes  yellow.  If  chloric  acid  is  present,  it  must 
be  rpmoved  by  ignition  of  the  substance,  and  a  test  made  for 
nitric  acid  (or,  more  correctly  speaking,  for  nitrous  acid)  with 
ferrous  sulphate  (§  98).  Chromic  and  hydriodic  acids  influence 
the  reaction,  and  must  be  removed  as  in  6. 

We  remark  again  that  if  the  metals  wliich  the  substance 
contains  are  known,  a  little  deliberation  will  allow  the  analyst 
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to  dispense  with  the  tests  for  many  of  the  acids,  and  thus  to 
relieve  himself  of  much  fruitless  experiment.  Careful  notes 
on  the  reactions,  and  deliberation  as  to  the  impossibility  of  the 
presence  of  this  or  that  acid,  are  to  be  recommended  here  as  in 
the  analysis  of  the  metals  (§  87). 


SECTION  III 

PBEUMmABY  OPERATIONS  IN  QUALITATiyE  ANALYSIS 

The  study  of  the  reactions  of  the  metals  and  metalloids 
through  which  we  have  just  passed  has  enabled  us  to  elaborate 
a  systematic  method  for  analysing  solutions.  Analyses  of  this 
class  are  the  most  simple,  and  in  the  more  complicated  cases, 
therefore,  the  substances  are  so  treated  as  to  render  the  same 
method  applicable.  In  this  Section  we  shall  not  deal  with  new 
facts,  but  merely  apply  those  which  we  have  already  discussed 
to  the  solution  of  the  more  difficult  problems  of  analysis. 

§  106.  Analysis  of  Solutions. — A  drop  of  the  solution 
is  first  evaporated  on  platinum  foil,  to  ascertain  whether  the 
liquid  really  contains  dissolved  substances  (the  residue  can  be 
investigated  as  below).  The  solution  is  then  tested  with 
litmus  paper,  the  reaction  enabling  certain  definite  conclusions 
to  be  drawn  as  to  the  constituents  present. 

Neutral  solutions. — Solutions  which  show  a  neutral  reaction 
toward  litmus  paper  can  contain  but  a  limited  class  of  com- 
pounds, as  neutral  solutions  characterise  only  the  neutral 
salts  of  the  metals  of  Groups  I.  and  II.  The  neutral  salts  of 
the  heavy  metals  and  of  the  earth  metals  (Group  III.)  have,  as 
a  rule,  an  acid  reaction,  even  when  in  aqueous  solution. 

Add  solutions  contain  free  acids,  acid  salts,  or  neutral  salts 
of  the  heavy  metals.  A  drop  of  the  solution  is  placed  upon  a 
watch-glass,  and  one  of  dilute  sodium  carbonate  added.  If  no 
precipitate  appears,  or  if  one  forms  for  the  instant,  but  again 
dissolves,  an  acid  (or  acid  salt)  is  indicated.  Turbidity  or  the 
separation  of  a  precipitate  points  to  the  presence  of  a  neutral 
salt.  Too  much  reliance,  however,  must  not  be  placed  upon 
this  test. 
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Alkaline  solutions  can  contain  only  the  oxides,  carbonates, 
and  sulphides  of  Groups  I.  and  II.,  and  the  soluble  thio-salts. 

The  first  step  in  the  analysis  of  solutions  is  the  detection 
of  the  metals,  according  to  §  87,  where  the  treatment  of  the 
various  solutions  has  already  been  explained.  It  need  only  be 
added  that  the  acidulation  with  hydrochloric  acid  and  the 
reaction  with  hydrogen  sulphide  (§§  80  and  105)  must  be  so 
performed  as  to  serve  at  the  same  time  for  the  detection  of 
certain  acids.  The  metals  having  been  detected,  the  solution 
is  next  examined  for  its  acids  (§  105). 

§  107.  Anal3rsi8  of  Solid  Bodies  which  are  Soluble  in 
Water  or  Acids. — Before  testing  the  solubility  of  the  substance 
in  water  or  acids,  it  must  be  ascertained  whether  the  substance 
itself  contains  water.  For  this  purpose  a  portion  is  heated  in 
a  tube  sealed  at  one  end.  If  water  is  present  it  condenses  on 
the  cold  sides  of  the  tube  (§  104).  The  reaction  of  the  water 
given  off  is  tested  with  litmus  paper. 

The  behaviour  of  the  substance  while  being  heated  in  a  glass  tube  must  be 
noticed  as  carefully  as  possible,  as  it  may  afford  important  information  in 
addition  to  that  of  the  presence  of  water.  The  following  phenomena  may 
be  observed : 

1.  Change  of  colour, — A  large  number  of  metalHc  oxides  become 
yellow  when  hot,  such  as  ZnO,  SnO^,  PbO,  BigOg,  etc  Certain  salts 
which  contain  water  of  crystallisation  also  change  colour  ;  copper  sulphate, 
for  example,  becomes  white. 

2.  Fusion  of  the  substance. — The  salts  of  the  alkali  metals  and  of  the 
metals  of  Qroup  II.  are  fusible. 

3.  Evolution  of  gases  or  vapours, — The  escape  of  oxygen  (recognised  by 
means  of  a  glowing  match,  §  104)  indicates  the  presence  of  peroxides, 
nitrates,  or  chlorates  (the  latter  two  detonate ;  test  with  charcoal,  ^  93 
and  98).  The  odour  of  the  gas  enables  the  detection  of  sulphurous  acid 
(often  resulting  from  the  decomposition  of  sulphates),  hydrogen  sulphide 
(from  hydrated  sulphides)  and  ammonia  (ammonium  salts  and  cyanogen 
compounds).  Colour  of  the  gas :  brown  fumes  indicate  nitrogen  dioxide 
(also  recognised  by  its  smell — nitrates  of  the  heavy  metals),  chlorine, 
bromine  (brown  gas),  iodine  (violet  fumes  and  black  subHmate).  Com- 
bustibility of  the  gas.  Carbon  monoxide  bums  with  a  blue,  cyanogen  with 
a  violet,  flame  (CN  also  recognisable  by  its  smell). 

4.  FomuUion  of  a  sublimate, — Sulphur  (from  sulphides)  subhmes  in 
red  drops  which  become  yellow  on  cooling.  Iodine — violet  sublimate  (see 
above) ;  mercury  and  its  salts,  §  61  ;  arsenic  and  arsenic  sulphide,  §  78 ; 
ammonium  salts,  §  13. 

The  residue  obtained  by  the  evaporation  of  the  solution  upon  platinum 
foil  (see  above)  can  also  be  examined  by  heating  in  a  glass  tube. 
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SohUion  in  water  (analysis  of  substances  which  are  soluble  in 
water). — ^The  preliminary  tests  having  been  made,  the  powdered 
substance  is  treated  with  10-15  parts  of  water  in  a  flask  and 
heated  to  boiling.  If  complete  solution  ensues,  the  metals  are 
first  detected  as  in  §  87,  and  the  acids  according  to  §  105,  and 
by  the  observations  made  in  the  examination  for  metals.  If  the 
substance  is  not  entirely  soluble,  the  remainder  is  allowed  to 
subside,  and  a  drop  of  the  clear  solution  evaporated  on 
platinum  foil.  A  residue  indicates  the  partial  solubility  of  the 
substance ;  the  latter  is  then  boiled  with  water  a  second  time, 
and  filtered,  the  filtrate  examined  as  in  §§  87  and  105,  and 
the  insoluble  residue  treated  as  follows. 

Solution  in  adds  (analysis  of  substances  soluble  only  in 
acids). — A  portion  of  the  residue  obtained  in  the  foregoing  test 
is  treated  with  dilute  hydrochloric  acid,  heat  being  applied  if 
its  solution  is  not  effected  in  the  cold.  If  dilute  hydrochloric 
acid  fails  to  bring  about  complete  solution,  the  liquid  is 
decanted,  and  the  residue  heated  to  boiling  with  concentrated 
acid.  If  the  substance  then  dissolves,  the  ensuing  solution  is 
added  to  that  of  the  dilute  hydrochloric  acid. 

We  repeat  that  on  addition  of  hydrochloric  acid,  attention  must  be 
paid  to  the  remarks  in  §  105  concerning  the  detection  of  acids  by  this  re- 
action, and  also  that  peroxides  generate  chlorine  from  hydrochloric  acid. 

If  the  substance  has  now  dissolved  completely,  it  is 
investigated  by  the  usual  methods  (§§  87  and  105).  On 
solution  in  hydrochloric  acid,  sulphur  is  often  deposited  (the 
liquid  becomes  turbid,  or  a  white  precipitate  separates),  and 
silica  is  also  thrown  down  (gelatinous  precipitate).  Tliese 
substances  must  be  subjected  to  confirmatory  tests  (§§  95  and 
101). 

If  the  solution  in  hydrochloric  acid  was  incomplete  (the 
tested  portion  is  held  for  further  examination;  see  below),  a 
new  portion  of  the  substance  (insoluble  in  water,  or  of  what 
remained  after  extraction  with  water)  is  treated  with  boiling 
nitric  acid,  and  water  then  added. 

If  solution  is  accompanied  by  the  evolution  of  nitric  oxide,  oxidation  is 
taking  place  ;  the  presence  of  lower  degrees  of  oxidation  is  thus  obvious. 

If  all  the  substance  is  now  in  solution  (sulphur  and  silica 
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may  ax;t  as  above)  it  is  investigated  directly  according  to  §§  87 
•^nd  105.  If  a  portion  still  remains  undissolved,  the  residue 
is  treated  with  boiling  aqua  regia,  the  contents  of  the  test-tubes 
in  which  the  action  of  hydrochloric  and  nitric  acid  was  tried 
having  first  been  added.  Complete  solution  is  sometimes 
effected  only  on  a  second  treatment  with  aqv/i  regia,  and  some- 
times only  when  the  solution  has  been  poured  off  and  the 
residue  diluted  with  water.  All  these  tests  must  therefore  be 
made.  If  all  has  finally  dissolved,  it  is  mixed  with  the  solutions 
obtained  in  the  previous  tests,  and  the  metals  and  acids  detected 
as  usual  (§§  87  and  105). 

Remark.  Testing  for  metals, — If  a  solution  in  hydrocliloric  acid  has  been 
prepared,  the  acidulation  with  hydrochloric  acid  prior  to  precipitation  by 
hydrogen  snlphide  may  be  dispensed  with.  (If  the  substance  contained 
silver,  etc.,  these  metaJs  are  detected  later  on  in  the  examination ;  see 
below.)  The  solution  is  diluted  with  water,  and  treated  directly  with 
hydrogen  sulphide.  If,  on  the  contrary,  solution  was  effected  with  nitric 
acid,  and  no  test  was  mcule  with  hydrochloric  acid,  the  first  step  in  the 
examination  of  the  metals  is  the  addition  of  hydrochloric  acid.  Heed 
must  also  be  given  to  the  possible  presence  of  phosphates,  silicates,  etc, 
in  the  acid  solutions  of  the  metals  of  Group  IIL  The  degrees  of  oxidation 
cannot  be  determined  in  solutions  obtained  by  treatment  with  nitric  acid 
or  aqua  regia^  as  only  higher  oxides  can  then  be  present.  Special  tests 
of  the  original  substance  must  therefore  be  made  to  determine  the  degrees 
of  oxidation. 

ExaminaJtion  for  acids, — Chloric  acid  cannot  be  present  in  substances 
which  are  insoluble  hi  water,  but  soluble  in  acids  (since  all  its  compounds 
dissolve  in  water).  Carbonic  acid  and  hydrogen  sulphide  are  found  by 
the  preliminary  tests ;  and  the  behaviour  of  the  substance  in  the  glass 
tube  suffices  for  the  recognition  of  nitric  acid.  To  detect  the  remaining 
acids,  the  substance  is  fused  with  four  parts  of  sodium  and  potassium 
carbonates  (and  potassium  nitrate,  if  sulphides  are  present)  in  a  platinum 
crucible.  In  presence  of  easily  fusible  metals  (lead,  tin,  etc.),  a  porcelain 
crucible  must  be  substituted.  The  fused  mass  is  then  boiled  with  water 
which  contains  a  few  drops  of  nitric  acid,  and  the  resulting  solution 
examined  for  acids  according  to  §  105.  If  a  porcelain  crucible  be  em- 
ployed, silica  cannot  be  detected  (since  porcelain  is  attacked  on  fusion 
with  alkali  carbonates).  Fluorine,  phosphorus,  and  sulphur  are  best 
detected  in  separate  portions  of  the  substance  ;  fluorine  directly  as  in 
§  94,  and  phosphorus  and  sulphur  according  to  §  105,  after  they  have 
been  obtained  in  acid  solution  (with  nitric  acid  in  the  first  case,  for 
the  ammonium  molybdate  reaction,  with  hydrochloric  in  the  second). 

The  aruxlysis  of  alloys  and  metals. — Alloys  and  metals  form, 
analytically,  a  separate  class  of  substcmces  which  are  insoluble 
in  water  but  soluble  in  acids.     They  are  easily  recognised  by 
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their  external  appearance.  Alloys  are  treated  with  hot  nitric 
acid  (sp.  gr.  1*2),  whereupon  gold  and  platinum  remain  un- 
dissolved (§  86),  and  stannic  acid  and  antimonic  acids  and,  to 
a  certain  extent,  arsenic  acid,  are  left  as  insoluble  white  pre- 
cipitates. When  lead  alloys  are  treated  with  concentrated 
nitric  acid,  lead  nitrate  may  also  remedn  undissolved  as  a 
white  crystalline  powder  which  is  soluble  in  water.  The  other 
metals  go  into  solution  as  nitrates,  and  are  detected  by  the 
usual  method  (§  87). 

§  108.  Axudysifl  of  Substances  which  are  Insoluble  in 
either  Water  or  Acids. — The  residue  left  after  treatment  with 
aqua  regia,  and,  in  general,  substances  which  are  soluble  neither 
in  water  nor  acids,  are  analysed  by  special  methods  based  upon 
the  properties  of  the  insoluble  compounds.  Among  the  latter 
are: 

1.  The  sulphates  of  barium,  strontium,  calcium,  lead  (as 
lead  and  calcium  sulphates  are  slightly  soluble  in  both  water 
and  acids,  they  may  be  detected  in  part  in  the  solutions  of 
each  solvent). 

2.  Silver  compoimds:  silver  chloride,  bromide,  iodide, 
cyanide  (and  ferrocyanide ;  to  a  certain  extent,  lead  chloride 
also).  Silver  cyanide  and  ferrocyanide  may  partly  go  into 
solution  (as  they  are  decomposed  by  some  acids). 

3.  The  fluorides,  especially  calcium  fluoride. 

4.  Certain  phosphates  and  arsenates. 

5.  The  mineral  sulphides  and  arsenides  (pyrites,  blendes, 
etc.) 

6.  Oxides:  tin  dioxide  (tinstone),  ignited  or  mineral 
chromic  oxide  (chrome-iron  ore),  and  aluminium  oxide  (clays). 

7.  Silica  and  many  silicates. 

8.  Sulphur  and  carbon. 

It  may  be  well  to  discuss  the  methods  upon  which  the  analysis  of 
these  compounds  is  based.  The  substances  are  either  neutral  metallic 
salts,  or  weak  bases  and  weak  acids.  The  operations  by  which  they  are 
brought  into  solution  consist  (1)  in  fusion  with  sodium  carbonate,  the 
universal  agent  for  the  conversion  of  insoluble  into  soluble  compounds 
(alkali  salts).  The  same  reaction  is  also  employed  in  the  preparation  of 
salts  (i.e.,  solution)  of  the  weak  acids,  such  as  silicic,  and  of  a  few  bases,  of 
which  aluminium  oxide  is  an  example.  (2)  The  second  method,  by  which 
insoluble  compounds  of  a  basic  character  (chromic  oxide,  aluminium  oxide) 
are  brought  into  solution,  is  based  upon  the  use  of  sulphuric  acid  or. 
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preferably,  of  acid  potassium  sulphate.     The  sulphides  and  arsenides,  ^ 
finally,  must  be  oxidised,  and  for  this  purpose  they  are  fused  with  sodium 
carbonate  and  potassium  nitrate.     We  shall  see  below  how  these  reactions 
are  combined  in  analysis. 

The  choice  of  methods  is  determined  by  the  following  pre- 
liminary tests  for  sulphur,  silver  chloride,  lead  sulphate,  and 
silica.  The  substance  is  tested  for  silica  (by  fusion  with  micro- 
cosmic  salt  on  a  platinum  wire,  §  101).  If  silica  be  found, 
the  substance  is  a  siUcate,  and  analysed  according  to  §  102. 
Sulphur  is  detected  by  heating  in  a  glass  tube  sealed  at  one 
end  (brown  fumes  and  di'ops — see  also  §  107).  Carbon  is 
easily  recognised  by  its  physical  properties  and  by  combustion 
on  platinum  foil  (it  may  leave  an  ash).  Tests  for  the  presence 
of  silver  chloride  and  lead  sulphate  alone  remain  to  be  made. 
For  this  purpose  a  new  portion  of  the  substance  is  heated  in  a 
test-tube  with  potassium  cyanide  and  water,  filtered,  and  the 
filtrate  tested  with  hydrogen  sulphide  for  silver.  Its  presence 
is  indicated  by  a  black  precipitate  of  silver  sulphide.  The 
residue  insoluble  in  potfissium  cyanide  is  washed  and  digested 
with  hydrogen  sulphide  water.  If  it  becomes  black,  lead  is 
present.  These  preliminary  tests  determine  the  subsequent 
method  of  procedure.  If  their  results  are  negative  (absence 
of  sulphur,  lead  sulphate,  and  silver  chloride),  the  substance 
may  be  fused  directly ;  if  these  are  present,  on  the  contrary 
their  removal  must  first  be  effected.  An  amount  of  substance 
requisite  for  the  complete  analysis  is  taken,  and  the  lead 
sulphate  removed  from  it  by  heating  with  a  concentrated  solu- 
tion of  ammonium  acetata  The  resulting  solution  is  tested 
for  lead,  chlorine,  and  sulphuric  acid.  The  residue  from  this 
operation  is  then  thoroughly  washed  and  heated  with  potassium 
cyanide  and  water,  to  remove  the  silver  (the  reaction  must  be 
brought  about  in  the  cold  if  sulphur  is  present).  The  solution 
in  potassium  cyanide  should  be  subjected  to  confirmatory  tests 
for  silver  (see  Eemark)  and  sulphuric  acid  (which  may  have 
passed  into  solution  through  decomposition  of  lead  sulphate  by 
the  potassium  carbonate,  which  potassium  cyanide  almost  in- 
variably contains).  The  residue  from  the  potassium  cyanide 
solution  is  washed,  dried,  and  ignited  in  a  covered  porcelain 
crucible  until  all  the  sulphur  has  been  driven  off. 

Fusion. — ^The  residue,  or,  if  no  sulphur,  lead  sulphate  or 
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silver  chloride  is  present,  the  original  substance  itself,  is  fused 
with  4  parts  of  sodium  and  potassium  carbonates  and  1  part 
of  potassium  nitrate  in  a  platinum  crucible.  The  operation  is 
continued  until  the  reaction  has  subsided  and  the  mixture  is 
in  a  quiet  state  of  fusion.  The  red-hot  crucible  is  then  placed 
upon  a  thick  iron  plate,  which  causea  it  to  cool  quickly  and 
prevents  the  substance  from  adhering  to  the  sides  of  the  vessel. 
The  cake  is  next  removed  from  the  crucible,  boiled  with  water, 
and  the  residue  washed  until  the  wash-water  shows  no  pre- 
cipitate on  the  addition  of  barium  chloride.  The  solution  and 
residue  are  subjected  to  examination  separately. 

Uxamination  of  the  solution. — The  following  tests  for  acids 
are  made  in  separate  portions  of  the  solution,  the  latter  having 
first  been  neutralised  with  either  hydrochloric  or  nitric  acid, 
according  to  the  conditions  present:  (1)  for  sulphuric  acid, 
with  barium  chloride  ;  (2)  for  phosphoric  acid,  with  ammonium 
molybdate  solution;  (3)  for  arsenic  acid,  with  hydrogen 
sulphide;  (4)  for  chromic  acid,  by  precipitation  with  lead 
nitrate ;  (5)  for  silica;  and  (6)  fluorine.  The  conditions  given 
in  §  105  (and  in  part  in  §  102)  must  be  observed  in  making 
the  tests. 

Examination  of  the  residue. — The  residue  consists  of  the 
bases  which  the  original  substance  contained.  It  is  dissolved 
in  hydrochloric  acid  (if  an  insoluble  residue  remains,  tests  are 
made  to  ascertain  whether  it  is  stannic  acid),  and  the  solution 
investigated  for  the  metals  (§  87).  If  the  substance  contained 
silica  the  examination  of  tlus  solution  is  more  easily  accom- 
plished after  the  silica  has  been  removed  by  evaporation  to 
dryness,  and  extraction  of  the  residue  with  water. 

Remark. — The  residue  insoluble  in  hydrochloric  acid  (which  may 
very  probably  contain  stannic  oxide)  can  also  consist  of  undecomposed 
fluor  spar  and  chrome-iron  ore.  The  former  is  detected  with  sulphuric 
acid  according  to  §  94,  the  latter  by  fusion  with  acid  potassium  sulphate 
or  with  sodium  carbonate  and  potassium  nitrate  (§  32). 

Uxamination  of  the  silver  salt. — The  residue  left  after  the 
tests  of  the  solubility  of  the  substance  in  acids  (§107)  or,  in 
general,  any  insoluble  substance  in  which  sUverhas  been  detected 
by  the  operations  explained  in  this  paragraph  (see  above :  choice 
of  methods)  is  subjected  to  further  treatment  for  the  detection 
of  the  bromine,   chlorine,  etc.   which   are  probably  present. 
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For  this  purpose  a  fresh  portion  of  the  substance  is  treated, 
first  with  water  and  then  with  nitric  acid,  as  in  §  107. 
Tests  for  silver  are  made  anew  in  separate  portions  of  the 
residue  thus  obtained  (with  cyanide  of  potassium  and  am- 
monium sulphide,  §  108).  If  these  yield  positive  results,  the 
remainder  of  the  residue  is  boiled  with  sodium  hydroxide  to 
remove  the  ferrocyanide  and  ferricyanide  (they  may  be 
detected  in  the  solution,  after  hydrochloric  acid  has  been 
added,  as  in  §  97).  This  operation  may  also  bring  part  of 
the  halogens  into  solution.  The  insoluble  residue  is  then 
washed,  and  digested  for  ten  minutes  with  dilute  sulphuric 
acid  and  zinc  (which  may  be  added  either  in  the  form  of 
filings  or  strips  of  zinc  foil).  This  decomposes  the  silver 
compounds,  and  after  the  removal  of  the  zinc  by  sodium 
carbonate  and  filtration  the  solution  is  tested  for  chlorine, 
bromine,  iodine,  and  cyanc^en,  according  to  §  105,  or,  if  only 
one  halogen  was  present,  as  in  §  92. 

We  bring  the  study  of  qualitative  analysis  to  a  close  with 
the  remark,  already  made  in  §  14,  that  when  the  data  obtained 
in  the  qualitative  examination  of  a  substance  are  to  be  used  for 
quantitative  determinations,  it  is  necessary  to  obtain  some  idea 
of  the  quantities  in  which  the  single  constituents  are  present 
(much,  little,  or  traces).  It  is  therefore  best  to  start  out  with 
a  quantity  of  the  substance,  the  approximate  weight  of  which 
is  known,  and,  by  employing  precipitation-reactions,  to  draw 
the  necessary  conclusions  from  the  amounts  of  the  several 
precipitates  obtained.  Colour -reactions,  obviously,  do  not 
allow  us  to  form  such  estimates. 

Supplement 

1 

THE  BLOW-PIPE 

§  109.  With  the  introduction  of  the  Bunsen's  gas-burner  the  blow- 
pipe has  almost  completely  disappeared  from  the  laboratory,  and  operations 
with  the  latter,  therefore,  have  been  excluded  as  much  as  possible  from  the 
study  of  analytical  methods  which  we  have  just  finished.  Convenient  as  the 
blow-pipe  is  in  the  hands  of  an  expert,  to  the  beginner  it  is  very  hard  to 
draw  conclusions  from  the  data  obtained  by  its  use.  The  phenomena  are 
complicated,  and  as  the  knack  of  using  the  apparatus  can  be  acquired 
only  after  long  practice,  and  the  results  obtained  by  the  beginner  are 
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consequently  often  incorrect,  it  is  clear  why  its  use  has  not  heen  intro- 
duced hitherto.  It  may  be  well,  nevertheless,  to  acquaint  the  student 
with  the  general  purposes  of  the  instrument,  and  especially  so  in  this 
section  of  the  book,  since,  if  employed  in  analysis  at  all,  it  is  usually 
used  for  the  preliminary  tests. 

The  hlow-pipe  consists  of  a  metallic  tube  (the  length  varies ;  it  is 
usually  8-10  inches),  fitted  at  one  end  with  a  mouthpiece  through  which 
air  is  blown  from  the  mouth.  This  tube  is  connected  with  a  cylindrical 
attachment  (a  **  Drum ")  into  which,  and  at  right  angles  with  the  main 
tube,  is  screwed  a  smaller  tube  terminating  in  a  platinum  cap  which  has 
a  very  fine  opening.  If  air  be  blown  through  the  apparatus  into  a 
luminous  flame  (of  gas,  a  candle,  or  alcohol),  both  a  reducing  and 
oxidising  flame  are  obtained  (see  §  32,  Remark).  If  a  gas-burner  bo 
used,  access  of  air  to  the  gas  must  be  shut  off,  or,  better  still,  a  tube  the 
upper  end  of  which  has  been  flattened  and  cut  off  obliquely  is  placed 
over  the  inner  gas  holes  of  the  burner.  The  reducing  flame  is  obtained 
by  introducing  the  blow-pipe  into  the  edge  of  the  flame  and  forcing  a 
moderate  current  of  air  through  it.  The  flame  takes  an  inclined  direction, 
and  between  the  outer  blue  and  the  inner,  barely  visible,  cone  lies  the 
luminous  zone  of  the  reducing  flame.  To  get  an  oxidising  flame,  the 
flame  of  the  burner  is  lowered,  the  end  of  the  blow-pipe  placed  directly 
in  the  flame,  and  a  stronger  current  of  air  driven  through  the  apparatus 
than  in  the  foregoing  case.  The  apex  of  the  external  mantle  is  the 
oxidising  flame.  The  air  is  forced  into  the  tube  by  the  cheek  muscles 
alone,  and  as  their  movement  causes  no  interference  with  breathing,  a 
steady  current  can  be  maintained  for  a  long  time  without  exertion. 

The  blow-pipe  is  employed  to  test  the  substances  for  their  fusibility 
and  volatility,  and  also  for  their  behaviour  in  the  oxidising  and  reducing 
flames.  Its  analytical  use  is  chiefly  for  the  production  of  beads  and 
incrustations. 

Beads, — ^These  are  prepared  equally  well  in  the  gas-burner,  and  their 
formation  has  already  been  frequently  employed  (§§  32,  47,  etc.)  The 
preparation  of  the  bead  and  the  method  of  making  the  experiment  are 
exactly  the  same  as  when  the  gas-burner  is  employed,  and  we  shall 
therefore  merely  compare  the  behaviour  of  the  different  metals  in  this 
reaction. 

The  following  metals  give  coloured  beads :  cobalt,  blue  (§  47)  ; 
copper,  blue  while  hot,  green  on  cooling  (if  heated  in  the  reducing  flame 
its  bead  becomes  red  when  cold).  Chromium  yields  an  emerald  green 
bead,  which  undergoes  no  change  in  the  reducing  flame.  Iron,  bottle- 
green  in  the  reducing  flame,  in  the  oxidising  flame  brown,  and  on  cooling 
yellow.  Manganese,  violet  in  the  oxidising,  colourless  in  the  reducing 
flame.  Antimony,  aluminium,  zinc,  cadmium,  lead,  calcium,  magnesium, 
and  barium,  give  colourless  beads  which  (those  of  aluminium  and  anti- 
mony excepted)  have  an  opaque  and  enamelled  appearance  on  cooling. 
Silica  (stannic  oxide  also)  is  very  sparingly  soluble  (silica  skeleton,  §  lOI). 

The  fimbility  of  the  substance  is  tested  upon  small  square  sticks  of 
charcoaL  As  the  charcoal  absorbs  the  fused  substances  the  test  should 
be  made  upon  the  side  which  intersects  the  grain  of  the  wood  trans- 
versely.     A  small  cavity  is  made  in  the  charcoal,  in  which  to  place 
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the  substance,  and  the  latter  is  then  subjected  to  the  redacing  flame  of 
the  blow-pipe,  the  support  being  held  in  the  left  hand.  If  the  sub- 
stance fuses  and  is  partly  absorbed  by  the  charcoal,  partly  left  as  a 
molten  globule,  an  alkali  salt  is  indicated  (nitrates  and  chlorates 
detonate  ;  §§  93  and  98).  An  infusible  residue  (sometimes  left  after 
fusion  in  water  of  crystallisation)  is  a  mark  of  the  oxides  of  calcium, 
strontium,  magnesium,  zinc  (these  jfour  emit  an  intense  light  on  ignition), 
barium,  aluminium  and  silicon.  If  the  residue  be  moistened  with  a 
solution  of  cobaltic  nitrate,  ignited  afresh,  and  a  blue  coloration 
observed,  aluminium  oxide  is  indicated ;  if  green,  zinc  (§  39).  If  an 
incrustation  forms,  conclusions  may  be  drawn  from  it  only  after  the 
following  test  has  been  made. 

Incrustations, — The  substance  is  rubbed  together  with  anhydrous 
sodium  carbonate,  a  drop  of  water  being  added  to  effect  a  more  perfect 
mixture.  The  mixture  is  then  placed  in  the  cavity  of  a  charcoal 
support  and  heated  in  the  reducing  flame.  The  reduced  metal  is  partly 
volatilised,  and  its  vapours  become  oxidised  in  passing  through  the 
mantle  of  the  oxidising  flame,  the  oxide  formed  being  deposited  upon  the 
charcoal  as  an  incrustation.  Qold  and  copper  leave  globules,  but  yield 
no  incrustation  (platinum,  iron,  nickel,  and  cobalt,  also  suffer  reduction, 
but  without  being  left  as  globules).  Arsenic  gives  a  white  incrustation 
which  is  deposited  at  a  distance  from  the  substance,  and  an  odour 
resembling  that  of  garlic  is  at  the  same  time  emitted.  Antimony, 
white  incrustation  and  metallic  (brittle)  globule,  which  gives  off  fumes, 
even  after  being  removed  from  the  flame.  Zinc,  white  incrustation, 
turning  yellow  on  cooling.  The  incrustations  of  the  above  metals  may 
easily  be  driven  from  one  spot  to  another  by  the  flame.  Tin  forms  a 
pale -yellow  incrustation,  which  is  yellow  when  cold  and  cannot  be 
moved  about ;  the  metallic  globules  are  soft.  Lead  gives  a  lemon-yellow 
incrustation  and  soft  globules.  Bismuth,  orange- yellow  incrustation, 
becoming  lemon  on  cooling,  and  brittle  globules.  Cadmium,  red-brown 
incrustation  which  in  thin  layers  appears  orange-yellow.  Silver,  faint 
dark-red  incrustation  (in  presence  of  lead  and  antimony,  cherry-red). 

To  investigate  the  residual  metallic  globules,  they  are  removed, 
together  with  the  surrounding  charcoal,  by  means  of  a  knife,  and  the 
mixture  crushed  in  an  agate  mortar.  If  water  then  be  added,  and  the 
charcoal  separated  by  lixiviation,  the  heavier  metallic  granules  remain  in 
the  mortar. 

We  have  already  remarked  that  in  qualitative  analysis  the  data 
obtained  by  means  of  the  blow-pipe  are  valuable  in  connection  with  the 
tests  of  the  solubility  of  the  substance  in  water  and  acids. 

2 

BXTNSEirS  FLAME  REACTIONS 

§  110.  It  was  stated  above  that  the  Bunsen's  burner  is  a  complete 
substitute  for  the  blow-pipe.  Its  use  is  perfected  in  the  flame  reactions 
which  Bunsen  elaborated,  and  by  means  of  which  reduction  and  oxidation 
reactions  and  the  formation  of  incrustations  can  be  observed,  the  advantages 
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of  the  blow -pipe  thus  being  entirely  equalled.  We  shall  give  a  brief 
description  of  the  necessary  manipulations,  which  have  been  excluded 
from  the  general  course  for  the  same  reason  as  the  blow-pipe. 

The  flame  of  the  gas-humer, — The  dark  (blue)  inner  cone  of  the  flame 
has,  as  we  already  know  (§  94),  a  low  temperature  ;  it  is  therefore  used  to 
cool  off  strongly-heated  substances,  or  to  test  those  which  readily  volatilise. 
At  a  height  almost  equal  to  the  apex  of  the  inner  cone,  but  in  the  outer 
mantle,  lies  the  point  where  the  temperature  is  the  highest  (its  position 
lias  already  been  shown,  §  9).  In  this  part  all  tests  requiring  a  great  heat 
are  made — ^fusion,  volatility,  etc.  The  remaining  sections — the  oxidising 
and  reducing  flames — ^have  already  been  described  in  §  32  (Remark). 

There  are  also  subdivisions  of  the  oxidising  flame,  each  of  which  has  its 
special  advantages.  As  exj^lained  in  §  32,  the  highest  temperature  of  this 
flame  lies  in  the  lower  third  of  the  outer  mantle,  and  in  its  outer  edge 
(lower  oxidising  flame).  This  section  is  principally  used  for  oxidation 
reactions  with  the  borax  bead,  etc.  The  upper  oxidising  flame  is  at  the 
apex  of  the  outer  flame,  which  presents  a  lesser  degree  of  heat  and  is  there- 
fore used  for  such  reactions  as  do  not  require  a  high  temperature,  f.^., 
combustion  (of  sulphides,  etc) 

The  reducing  flame  is  subdivided  into  upper  and  lower  flames.  The 
lower  (the  position  of  which  is  given  in  §  32  ;  to  procure  it  the  supply  of 
air  is  lessened)  is  used  for  the  reduction  of  the  bead  and  in  reactions  with 
charcoal  The  upper  reducing  flame  is  the  luminous  apex  of  the  inner 
dark  cone.  In  this  section  of  the  flame  metals  are  reduced  and  incrusta- 
tion obtained. 

I%e  operations  employed  in  analysis  by  Bunsen  consist :  (1)  in  testing 
the  action  of  a  high  temperature  upon  the  different  bodies ;  and  (2)  in 
causing  reduction  and  oxidation  reactions  (formation  of  an  incrustation). 

1.  The  behaviour  of  the  substance  at  a  high  temperature  is  observed 
by  means  of  a  very  thin  platinum  wire  (one  decimeter  must  weigh  no 
more  than  0*034  gr.),  or  upon  a  long,  fine  asbestos  thread.  If  heat  must 
be  applied  for  a  longer  time,  one  end  of  the  wire  or  asbestos  is  fused  into 
a  small  glass  tube  and  the  latter  fastened  to  a  support  The  degree  of 
heat  can  be  approximately  estimated  by  the  colour  of  the  glowing 
platinum  wire  ;  the  substimce  being  successively  tested  in  the  various 
portions  of  the  flame,  from  the  coldest  to  the  hottest  point  Notice  is 
taken  of  (1)  the  fusibility ;  (2)  volatility  (rate  of  volatilisation)  ;  (3)  flame 
coloration  ;  and  (4)  the  luminosity  of  the  substance  ;  as  has  been  explained 
in  the  previous  paragraphs.  We  are  already  to  a  certain  extent  familiar 
with  the  flame  coloration  reactions  (see  also  Supplement  3). 

2.  The  reduction  reactions  are  obtained  in  several  ways.  (1)  A  mixture 
of  the  substance  with  lamp-black,  sodium,  and  magnesium  is  heated  in  a 
small,  thin  glass  tube  (test  for  Hg,  S,  Se,  P).  (2)  The  metal  may  be 
reduced  with  carbon  and  sodium  carbonate  as  follows :  the  wood  of  an 
ordinary  match  is  dipped  in  molten  crystallised  sodium  carbonate  and 
ignited  in  the  flame  ;  the  wood  thus  becomes  carbonised  and  at  the  same 
time  absorbs  the  fused  soda.  A  drop  of  fused  sodium  carbonate  having 
been  poured  over  the  substance  under  examination  and  pulverised,  the 
mixture  is  placed  upon  the  end  of  the  match  and  heated  in  the  reducing 
flame.     It  is  then  transferred  to  an  agate  mortar,  where  it  is  rubbed  to 
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pieces  and  the  reduced  metal  lixiviated  with  water.  The  methods  by 
which  the  minute  quantity  of  metal  obtained  is  subjected  to  characteristic 
tests  are  given  below. 

3.  Incrustations  upon  porcelain, — Bunsen  detects  the  metals  by  means 
of  incrustations  of  the  metal  itself^  and  of  its  oxide,  iodide,  and  sulphide. 
The  first  two  incrustations  are  directly  prepared,  and  afterwards  converted 
to  the  iodides,  which  are  again  changed  to  the  sulphides.  To  obtain  a 
metallic  incrustation,  the  substance  is  introduced  into  the  upper  reducing 
flame  (the  luminous  point)  on  an  asbestos  thread,  directly  above  which  is 
held  a  small  porcelain  dish  filled  with  water.  The  oxide  incrustation  is 
obtained  in  the  same  way,  but  the  substance  is  subjected  to  the  upper 
oxidising  flame  (the  apex  of  the  outer  cone).  The  iodide  incrustation  is 
prepared  from  that  of  the  oxide  by  treating  the  latter  with  hydriodic  acid 
gas,  in  an  exsiccator  containing  phosphorus  iodide.  To  get  the  sulphide 
incrustation,  that  of  the  iodide  is  submitted  to  the  action  of  a  current 
of  air  saturated  with  ammonium  sulphide.  The  manner  of  investigating 
the  incrustations  is  explained  below. 

4.  Oxidation  reactions  (with  minute  quantities  of  the  substance).  One 
end  of  a  platinum  wire  of  a  hair's  thickness  is  wound  into  a  sufficiently 
flat  spiral,  so  that  it  forms  a  small  spoon,  the  diameter  of  which  is  2-3 
mm.  This  is  filled  with  a  mixture  of  the  substance  and  sodium  carbonate, 
or  sodium  carbonate  and  potassium  nitrate,  and  heated.  The  product  is 
examined  by  a  special  method,  which  will  be  explained  later. 

5.  Coloration  of  the  borax  bead  or  microcosmic  salt.  These  tests  are 
made  as  usual. 

The  Examination. — We  will  now  consider  how  the  foregoing  methods 
can  be  connected  for  the  examination  of  a  great  number  of  compounds. 
Bunsen's  classification  will  be  retained. 

I.  Preparation  of  the  incrustcUion  (with  platinum  wire  or  asbestos 
thread,  see  3).  Incrustations  are  formed  by  ;  Te,  Se,  As,  Sb,  Bi,  Hg,  Pb, 
Tl,  Cd,  Zn,  In.  Metallic  and  oxide  incrustations  are  obtained,  and  ^he 
latter  converted,  after  their  examination,  into  those  of  the  iodide  and  sul- 
phide successively.  The  metallic  incrustations  are  treated  with  dilute  nitric 
acid  (20  per  cent  anhydride.  Operation  denoted  by  1  in  the  table).  The 
oxide  incrustations  are  tested  by  reduction  with  stannous  chloride  (denoted 
by  2  in  the  table).  If  no  reduction  occurs,  a  drop  of  sodium  hydroxide  is 
added  to  the  stannous  chloride  (3).  The  incrustation  is  moistened  with 
silver  nitrate  and  subjected  to  a  draught  of  air  saturated  with  ammonia 
(for  this  purpose  a  wash-bottle  is  used,  the  tubes  of  which  have  been 
inverted,  i,e,,  the  outlet  of  which  is  the  shorter  tube) ;  if  a  precipitate 
forms,  its  solubility  in  ammonia  is  tested  (4).  Iodide  incrustations  ; 
solubility  in  water,  tested  by  the  breath  ;  sometimes  reappear  on  drying 
(5).  Action  of  ammonia  and  air  (6).  The  iodide  incrustations  also  show 
the  same  reactions  as  those  of  the  oxides.  The  sulphide  incrustations  are 
tested  for  their  solubility  in  water  (by  the  breath)  and  in  ammonium 
sulphide  (7).  The  latter  test  is  made  either  in  a  current  of  ammonium 
sulphide  (as  with  ammonia)  or  by  moistening  with  the  reagent  The 
solutions  are  added  by  means  of  a  capillary  tube.  The  reactions  are 
compared  in  the  accompanying  table  : — 
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II.  Reduction  Ud  with  the  carbonised  match  and  sodium  carbonate 
(see  2,  p.  284).  Incrustations  do  not  form,  but  the  metals  are  reduced. 
Treatment  in  the  mortar  and  liziviation  with  water. 

1.  A  globule  is  not  formed, — a.  Magnetic  metallic  powder,  Fe,  Co,  NL 
The  powder  is  collected  by  means  of  a  magnetised  knife-blade  and  dis- 
solved on  filter  paper  in  a  drop  of  nitric  acid.  The  colour  of  the  solution 
is  observed,  and  a  drop  of  potassium  ferrocyanide  (for  iron)  and  of 
sodium  hydroxide  and  bromine  water  (for  nickel  and  cobalt)  added. 
Coloration  of  the  borax  bead  by  the  metals,  h.  The  powder  is  not 
magnetic  :  Pd,  Pt,  Rh,  Ir. 

2.  Globules  are  formed  by  Au,  Ag,  Cu,  Sn.  Solution  in  nitric  acid  on 
filter  paper,  for  copper  (potassium  ferrocyanide).  Qold  is  dissolved  in 
aqua  regia  (tested  with  stannous  chloride — Cassius*  purple) ;  silver  and 
tin  are  treated  on  a  watch-glass,  the  former  with  nitric  acid  (test  with 
HCl),  tin  with  hydrochloric  acid  (test  with  Bi(N03)3  and  sodium 
hydroxide).     The  borax  bead  may  also  be  used  to  detect  copper. 

IIL  Fusion  on  the  platinum  spiral  with  sodium  carbonate  (see  4,  p.  285) 
for  Mo,  W,  Mn ;  with  sodium  carbonate  and  potassium  nitrate  for  Cr 
and  V.  The  fusion  is  dissolved  in  a  few  drops  of  water,  the  solution 
taken  up  with  filter  paper,  and  the  different  reagents  added  by  means  of 
a  capillary  tube.  Molybdenum  and  tungsten  yield  a  blue  coloration 
with  stannous  chloride  (they  are  distinguished  through  the  action  of 
HCl  and  potassium  ferrocyanide — Mo  becomes  brown).  Chromium  is 
recognised  by  the  red  colour  which  it  produces  with  AgNOg,  and  the 
green  one  with  stannous  chloride.     Manganese  gives  a  green  solution. 

IV.  Ti  (Ta,  Nb),  Si,  U  are  recognised  by  their  behaviour  toward  the 
borax  bead.  The  metals  of  Qroups  I.  and  II.,  by  the  flame  coloration, 
volatility  of  the  salts,  etc 

y.  Reduction  in  a  glass  tube  with  magnesium ;  P,  S. — Phosphorus  is 
detected  through  the  formation  of  phosphorus  hydride  on  moistening 
with  water.     Sulphur,  by  its  action  on  silver  foil  (black  spot). 

The  following  example  will  serve  to  show  how  convenient  the  above 
method  is  for  certain  analyses.  The  detection  of  tin  and  antimony  in 
small  quantities,  which  by  the  usual  process  of  analysis  is  well  known  as 
a  difficult  problem,  becomes,  on  the  contrary,  very  simple  when  the 
following  method  is  employed.  About  0*3  grams  of  the  sulphides  of  the 
metals,  obtained  in  the  usual  manner,  are  heated  in  a  small  glass  vesseL 
The  residue  is  taken  up  on  an  asbestos  thread,  a  metallic  incrustation 
prepared,  and  the  latter  dissolved  in  a  few  drops  of  nitric  acid.  The 
presence  of  antimony  is  indicated  by  the  formation  of  a  characteristic 
black  spot  with  silver  nitrate  and  ammonia.  The  tin  is  found  by  means 
of  a  borax  bead  very  slightly  coloured  with  cupric  oxide.  If  such  a  bead 
be  heated  in  the  lower  reducing  flame,  a  ruby-red  coloration  is  obtained, 
due  to  the  reduction  of  cupric  to  cuprous  oxide. 

To  students  who  wish  to  become  more  familiar  with  these  methods  of 
analysis,  we  recommend  Bunsen's  original  article  on  Flame  Reactions,  in 
the  AnndUn  der  Chemie  und  Pharmade  (1866X  voL  cxxxviiL  pp.  257  ff. 
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SPECTBUM  ANALYSIS 

§  111.  When,  bodies  are  heated  to  a  high  temperature  they  become 
luminoua  If  the  rays  emitted  by  a  glowing  fluid  (e.g.,  a  molten  metal) 
or  by  a  glowing  solid  be  passed  through  a  prism  they  afford  a  con- 
tinuous spectrum  (certain  exceptions  to  this  statement  will  be  pointed 
out  later).  Gases  or  volatile  substances  (which  may  be  fluid  or  solid  at 
the  ordinary  temperature)  yield,  on  the  other  hand,  an  interrupted 
spectrum,  which  contains  a  greater  or  less  number  of  bright  or  dark 
lines.  Absorption -spectra,  as  those  with  dark  lines  are  called,  are 
obtained  when  the  rays  pass  through  a  coloured  transition  medium,  such 
as  coloured  fluids  or  gases. 

The  apparatus  by  means  of  which  spectra  are  obtained  and  examined 
is  called  a  spectroscope.  We  shall  describe  only  that  which  is  most 
frequently  employed  in  the  laboratory.  It  was  invented  by  Eirschoff 
and  Bunsen,  who  were  the  originators  of  this  method  of  analysis. 

The  spectroscope  of  Bunsen  and  Kirschoff, — A  glass  prism  with  a 
refraction  angle  of  60**  is  fastened  to  a  small  stand.  The  rays  of  the 
coloured  flame  pass  through  a  tube  supplied  with  an  adjustable  slit  and 
an  objective,  are  dispersed  by  the  prism,  and  the  resulting  spectrum  is 
observed  through  a  telescope  which  has  a  magnifying  power  of  about  six 
times  the  object.  The  position  of  the  bright  lines  is  determined  by 
comparison  with  the  spectrum  of  the  sun  or  of  some  other  luminous 
object.  For  this  purpose  a  small  prism  is  placed  before  the  upper  half 
of  the  slit,  in  such  a  manner  that  the  rays  of  the  standard  light  undergo 
total  refraction  in  passing  through  it.  They  are  then  dispersed  by  the 
large  prism  and  yield  a  spectrum  below  that  which  is  to  be  examined. 
The  two  spectra,  one  above  the  other,  can  thus  be  compared  on  looking 
through  the  telescope.  The  lines  may  also  be  determined  by  means  of 
the  image  of  a  scale  cast  on  the  spectrum,  and  which  permits  the  lines 
to  be  numbered.  For  this  purpose  the  apparatus  is  fitted  with  a  third 
tube,  containing  a  millimeter  scale  reduced  to  -^j  the  actual  measurement. 
This  scale  is  photographed  upon  a  glass  disc,  the  faces  of  which  are 
covered  with  tin -foil,  leaving  only  the  engraving  visible,  and  illumi- 
nated by  a  candle  or  some  other  luminous  flame.  The  image  of  the  scale 
is  reflected  from  the  large  prism  and  cast  upon  the  spectrum,  so  that  it 
may  be  seen  through  the  telescope.  The  division  50  is  usually  made  to 
correspond  with  the  dark  line  D  of  the  sun's  spectrum,  or,  which 
amounts  to  the  same  thing,  to  the  yellow  sodium  line. 

The  spectroscope  of  Bunsen  and  Kirschoff  has  been  improved  upon 
in  another  apparatus  which  affords  a  larger  image  of  the  spectrum. 
This  advantage  is  obtained  by  the  use  of  several  prisms  (usually  six), 
which  are  fsustened  to  the  support  in  a  semicircle.  The  t^escope 
magnifies  six  times  and  may  be  adjusted  in  an  exactly  horizontal  position 
by  means  of  levelling  screws.  This  arrangement  is  necessitated  by  the 
liict  that  only  one  portion  of  the  spectrum  can  be  examined  at  a  time. 
Such  an  apparatus  shows  3000  dark  lines  in  the  sun's  spectrum. 
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lleversal  of  the  spectrum, — The  bright  lines  of  the  spectra  of  metals  can 
be  reversed  to  black  lines.  If  a  flame  coloured  by  the  salt  of  a  metal, 
such  as  sodium,  which  yields  only  one  yellow  line,  is  illuminated  by 
a  more  powerful  source  of  light  which  gives  a  continuous  spectrum,  «.^., 
by  a  Drummond  light,  a  black  line  is  seen  in  the  position  of  the  bright 
yellow  one  of  sodium.  If  the  experiment  be  performed  with  a  substance 
which  contains  several  metals,  the  spectrum  obtained  shows  many  black 
lines,  which  correspond  in  position  to  the  bright  lines  of  the  emission- 
spectra  of  the  same  metals. 

The  phenomena  of  the  bright  lines  and  their  reversal  are  explained 
by  KirechofF  by  the  following  hypothesis.  The  power  of  emitting  and 
of  absorbing  rays  of  a  given  wave-length  and  at  a  given  temperature  is 
the  same  for  any  one  substance.  If  a  flame  has  a  greater  power  for 
emitting  rays  of  one  wave-length  than  of  others,  a  bright  line  appears  at 
the  corresponding  point  of  its  spectrum.  On  the  other  hand,  the  flame 
will  absorb  the  same  rays  if  illuminated  by  another  and  stronger  source 
of  light  which  yields  a  continuous  spectrum,  because  its  power  of  absor]^>- 
tiun  is  greater  for  rays  of  this  wave-length  than  for  others.  It  thus 
appears,  since  the  remaining  sections  of  the  spectrum  are  given  unaltered, 
as  if  dark  lines  were  produced. 

The  coincidence  between  the  bright  lines  of  the  metallic  spectra  and 
the  dark  Frauuhofer's  lines  of  the  sun's,  together  with  the  reversal  of 
bright  lines  into  dark,  led  to  the  idea  that  their  origin  was  identical. 
Comparison  between  the  spectra  of  the  sun  and  of  the  metals  has  given 
us  very  conclusive  theories  as  to  the  composition  of  the  sun's  atmosphere. 
The  self-luminous  stars  yield  spectra  which  contain  bright  lines. 

The  spectrum  of  a  compound  of  a  metal  shows  the  same  bright  lines 
as  the  metal  itself.  The  electro -negative  constituents  of  the  compound 
need  not  be  considered  under  the  ordinary  conditions  of  experiment 
(see  below). 

The  spectrum  of  a  compound  which  contains  several  metals  is  composed 
of  the  spectra  of  the  single  metals.  It  is  therefore  clear  that  spectrum 
analysis  should  be  employed  chiefly  to  detect  metals  with  only  a  few  and 
brilliant  lines.  If  a  mixture  be  examined,  the  lines  of  the  difl'erent 
metals  will  be  seen  to  appear  gradually,  according  to  the  comparative 
volatility  of  the  compounds  taken.  The  delicacy  of  this  method  is 
remarkable,  and  an  exceedingly  minute  quantity  of  a  salt  of  any  metal  is 
sufficient  to  produce  brilliant  lines.  Sodium  can  be  detected  if  only  a 
millionth  of  a  milligram  be  present,  and  its  bright-yellow  line  is  there- 
fore seen  in  all  observations  with  the  spectroscope,  even  if  no  sodium  salt 
was  used  in  the  experiment.  The  dust  of  the  air  itself  shows  the 
sodium  line. 

Dependence  of  the  spectrum  upon  the  conditions  of  the  experiment. — The 
number  of  bright  lines  in  a  spectrum,  as  well  as  their  intensity,  is  de- 
pendent upon  the  temperature  to  which  the  vapour  of  the  metal  is  heated. 
If  various  compounds  of  a  given  metal  be  held  in  the  flame  of  a  gas- 
burner,  no  alteration  is  seen  in  their  spectra,  and  the  latter  are  exactly 
similar  to  that  of  the  metal  itself  when  directly  produced.  The  con- 
clusion might  be  drawn  from  this  fact  that  the  constituents  of  the  salt 
other  than  the  metal,  sulphuric  acid  in  a  sulphate,  chlorine  in  a  chloride, 
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have  no  influence  upon  the  appearance  of  the  spectrum.  This  is  indeed 
true  as  long  as  we  work  with  the  Bunsen's  burner  :  but  in  altering  the 
conditions  we  alter  the  spectrum.  If  the  temperature  which  the  vapour 
attains  be  raised,  certain  lines  which  were  very  brilliant  when  produced 
bj  means  of  the  burner  begin  to  lose  their  intensity  ;  feeble  lines  become 
bright,  and,  finally,  new  lines  appear.  The  spectrum  of  lithium,  for  in- 
stance, when  obtained  by  the  oxyhydrogen  flame,  contains  a  new  blue  line. 
At  a  very  high  temperature,  lines  may  become  visible  which  belong  to  the 
non-metallic  constituents  of  the  salt.  When  heated  in  the  flame  of  the 
Bunsen's  burner  the  metal  separates  from  its  salt,  probably  because  of 
the  action  of  the  carbon  in  the  gas.  At  this  temperature  the  spectrum  of 
the  metal  alone  is  seen.  It  would  naturally  be  supposed  that,  if  a  com- 
pound were  not  decomposed  in  the  flame,  its  vapour  would  yield  a 
spectrum  varying  from  that  of  the  metal  which  it  contains.  It  can  give 
no  spectrum  at  all.  This,  however,  is  not  the  case  with  the  chlorides, 
which  are  usually  used  in  experiments,  as  they  suffer  dissociation.  In  the 
examination  of  gases,  the  dependence  of  the  spectrum  upon  the  conditions 
is  still  more  evident  (nitrogen  shows  two,  and  perhaps  three,  diflferent 
spectra). 

Owing  to  the  connection  between  the  spectrum  and  temperature,  the 
methods  of  spectrum  analysis  vary  according  to  the  heat  which  must  be 
employed.  We  shall  therefore  describe  briefly  the  flame-spectra,  sx)ark- 
spectra,  phosphorescence-spectra,  and,  finally,  absorption-spectra. 

Flame-spectra. — A  Bunsen's  burner  is  employed  for  the  experiment ; 
many  of  the  tests,  however,  may  be  made  with  an  alcohol  lamp.  The 
spectroscope  having  been  arranged,  i.6.,  the  spectrum  and  image  of  the 
scale  having  been  focused,  and  the  slit  so  arranged  that  the  former  is 
sharply  drawn,  the  experiment  is  commenced.  The  substance  is  first 
introduced  into  the  flame  of  the  burner,  the  latter  being  placed  in  front 
of  the  slit  If  the  substance  be  a  solid,  it  is  taken  up  in  the  loop  of  a 
platinum  wire,  which  is  fused  into  a  small  glass  tube  and  held  quiet  by  a 
support  Solutions  are  tested  in  glass  tubes  which  are  drawn  out  at  the 
lower  end  and  contain  a  small  bunch  of  fine  platinum  wires.  The  thin 
wires  thus  remain  continually  moistened  with  the  liquid.  If  an  alcohol 
lamp  be  used  instead  of  a  gas-burner,  the  substance  is  placed  in  the 
alcohol  which  feeds  the  flame. 

For  the  following  metals  the  flame-spectra  are  very  well  adapted.  The 
position  (and  in  part  the  breadth)  of  the  lines  is  denoted  by  figures. 
Division  50  in  the  above  scale  corresponds  with  the  D  line  of  the  sun's 
spectrum:  the  distance  between  the  lines  A  (15)  and  H  (165)=  150 
divisions. 

Potassium  is  characterised  by  the  red  line  a  (15)  and  the  indigo-blue 
/3  (160). 

Sodium, — Almost  complete  absorption  of  all  but  the  yellow  :  the 
single,  very  brilliant  yellow  line,  a  (50),  corresponds  to  Fraunhofer's 
line  D,  and  consists,  like  the  latter,  of  several  narrower  lines. 

CcMivATi, — Especially  characteristic  lines  in  the  blue,  a  (111)  and  p 
(109),  which  are  very  intense  and  sharp.  It  shows  less  brilliant  lines  in 
the  green,  orange,  and  yellow.  That  in  the  orange,  ^  (42  and  44),  consists 
of  two  lines. 
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Rubidium. — Very  brilliant  indigo-blue  lines,  a  (142)  and  p  (140). 
The  red  lines,  y  (13)  and  B  (11),  are  also  characteristic:  those  in  the 
yellow,  orange,  and  green  are  less  important. 

Lithium  shows  a  very  simple  spectrum  :  a  brilliant  carmine-red  line, 
a  (30),  and  a  feeble  one  in  the  orange,  p  (45). 

Barium,  —  Brilliant  green  lines  a  (74-76)  and  p  (77-79):  the 
yellowish-green  line  y  (60)  is  less  conspicuous.  There  are  also  several 
lines,  of  feebler  intensity,  in  the  green,  yellow,  and  red. 

Strontium. — The  strontium  spectrum  is  rich  in  characteristic  lines. 
In  the  orange-red,  a  (44-47)  is  very  broad :  there  are  also  lines  in  the 
red,  P  (31-33)  and  y  (34),  and  in  the  blue,  8  (107-108).  The  latter 
especially  distinguishes  the  Sr-spectrum  from  those  of  £a  and  Ca. 

Calcium. — ^A  conspicuous  blue  line,  p  (60-62),  and  a  sharp  line,  a 
(41-43),  in  the  orange.     There  are  also  several  lines  between  these. 

Thallium^  like  sodium,  has  only  one  line,  a  (70).  This  is  emerald, 
and  extremely  brilliant 

Indium^ — ^The  spectrum  contains  only  two  blue  lines,  a  (115)  and  p 
(154). 

The  analysis  is  made  as  follows : 

Group  of  the  alkali  m^taU  and  thallium. — In  a  substance  containing  all 
these  metals,  the  lithium,  sodium,  and  thalliiun  can  be  detected  without 
previous  separation,  even  when  present  in  mere  traces.  To  detect  the 
potassium,  rubidium  and  caesium,  the  concentrated  solution  is  precipitated 
with  platinic  chloride,  and  the  precipitate  boiled  twenty  or  thirty  times 
with  very  little  water.  After  each  fifth  boiling  a  portion  of  the  residue 
is  wrapped  in  filter  paper  and  examined  in  the  flame.  The  potassium 
lines  first  appear,  those  of  rubidium  and  caesium  being  seen  only  after 
longer  treatment  with  water. 

Group  of  the  alkaline  earths. — To  test  for  small  quantities  of  barium 
and  strontium  in  presence  of  an  excess  of  calcium,  the  nitrates  are  gently 
heated  with  absolute  alcohol  The  residue  is  washed  with  alcohol,  wrapped 
in  filter  paper,  and  ignited.  It  is  then  moistened  with  a  drop  of  hydro- 
chloric acid  and  its  flame  examined.  Small  quantities  of  strontium  and 
calcium,  when  mixed  with  a  large  amount  of  barium,  are  detected  after 
the  chlorides  have  been  extracted  with  alcohol  and  treated  as  above. 

The  spectroscope  has  as  yet  received  little  attention  in  analytical 
work.  The  reason  for  this  lies  in  the  confined  nature  of  its  advantages, 
the  difficulties  involved  in  the  analysis  of  complicated  mixtures  by  its 
means,  and  the  inapplicability  of  the  spectroscope  to  all  the  problems  of 
analysis.  The  same  objections  still  exist,  although  Bunsen  has  done 
much  to  overcome  them.  The  exceptional  delicacy  of  spectroscopic 
methods,  nevertheless,  gives  the  instrument  an  inestimable  value  as  a 
means  of  detecting  traces  of  the  various  elements.  Rubidium,  caesium, 
thallium,  indium,  and  gallium,  were  all  discovered  by  its  means. 

Spark-spectra. — The  spectra  of  very  many  metals  must  be  obtained 
by  means  of  the  electric  spark,  as  their  salts  are  non- volatile  at  the  tempera- 
ture to  which  they  are  raised  by  the  flame  of  the  gas-burner.  Bunsen  ^ 
has  invented  for  this  purpose  an  instrument  in  which  the  spark  from  a 

^  Poggendorf 's  Annalen,  vol.  civ.  pp.  230  and  3GC. 
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RuhnikorflTs  coil  passes  between  two  pointed  carbon  tips,  which  are 
soaked  in  a  solution  of  the  salt  to  be  examined,  usually  a  chloride.  The 
apparatus  of  Lecoq  de  Boisbaudran  ^  is  still  simpler.  The  solution  is  con- 
tained in  a  small  test-tube,  in  the  bottom  of  which  is  fused  a  platinum 
wire.  The  end  of  the  latter  must  not  reach  the  surface  of  the  liquid.  A 
second  platinum  wire  (1  millimetre  in  diameter)  is  held  over  the  surface 
of  the  solution,  and  connected  with  the  positive  pole  of  a  RuhmkorfFs  coil. 
The  spark  passes  between  the  points  of  the  two  platinum  wires.  The  spectra 
of  the  metals,  when  so  obtained,  always  contain  that  of  the  air,  i^^  the 
oxygen  and  nitrogen  lines.  Auer  von  Welsbach  has  also  constructed 
for  this  purpose  an  apparatus  which  possesses  many  advantages.^ 

Gases  are  examined  in  a  so-called  Geissler's  tube.  This  is  a  glass 
apparatus,  into  the  ends  of  w^hich  are  fused  two  platinum  wirea  The 
gases  become  luminous  when  a  spark  passes  between  the  two  platinum 
electrodes.  The  tube  is  filled  with  rarified  gas,  which  facilitates  the 
passage  of  the  spark.     The  spectnmi  obtained  varies  with  the  gas  used. 

We  shall  rest  satisfied  with  the  description  of  the  spectra  of  magnesium 
and  the  cerite  metals,  for  which  this  method  of  analysis  is  exceptionally 
convenient.  The  tests  are  made  with  the  chloridea  The  slit  must  be  so 
adjusted  that  the  red  yttrium  lines  are  sharply  divided.  Only  the  most 
conspicuous  of  the  numerous  lines  are  mentioned. 

Magnesium. — A  single  blue  line,  74*5. 

Erbium, — Very  sharp  lines  at  41*5,  60,  63,  in  the  orange  and  green 
(see  §  53). 

Yttrium. — 41-44,  a  group  of  lines  which  have  a  violet  tint ;  another 
fjroup  at  45-48.  Exceptionally  brilliant  lines  at  60,  65*5.  Two  lines 
at  7 3 '5-7 4  ;  88,  89,  and  many  others  which  are  less  conspicuous. 

Cerium  gives  several  lines,  of  which  those  at  67*5  and  71  are  very 
brilliant. 

Lanthanum. — The  most  characteristic  lines  lie  at  53,  53-5,  62,  64, 
67,  70,  and  87. 

Didymium. — The  spectrum  is  simple.  It  has  two  brilliant  lines  near 
70,  and  less  imj)ortant  ones  at  69,  70*5,  72. 

As  was  explained  in  §  53,  the  majority  of  these  spectra  l)elong,  not  to 
the  pure  elements,  but  to  mixtures. 

Group  of  the  cerite  metals. — Spectrum  analysis  is  especially  convenient 
for  the  qualitative  examination  of  the  cerite  minerals.  An  analysis  of 
gadolinite  by  Bunsen  may  be  cited  as  an  example.  After  removal  of  the 
silica  (§  53)  he  examined  the  hydrochloric  acid  solution.  The  absorption 
spectrum  of  didymium  (see  below)  w^as  seen,  the  line  at  55  being 
exceptionally  distinct.  The  absorption  spectrum  of  erbium  was  much 
weaker,  though  the  line  at  35  was  plainly  visible,  and  there  were  less 
conspicuous  lines  at  65-68.  Introduced  into  the  flame  on  a  platinum  wire, 
the  substance  yielded  the  spectra  of  sodium  and  calcium.  The  spark- 
spectrum  showed  yttrium  to  be  present,  as  it  contained  several  bright 
groups  of  lines  between  40  and  50.  Cerium  was  indicated  only  by  the 
characteristic  line  70*9,  and  the  lanthanum  spectrum  was  not  visible. 

^  Lecoq  do  Boisbaudran,  Spectres  lumineux,  Paris,  1874. 
2  Jfonatshe/l/ur  ChemU,  Bd.  V.  S.  1. 
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The  mineral,  therefore,  contained  the  metals  yttrium,  erbium,  didymium, 
cerium,  calcium,  and  sodium. 

Spectra  of  certain  gases, — The  Qeissler's  tube  containing  the  rarified 
gas  is  placed  in  a  vertical  position  before  the  slit  of  the  spectroscope. 
Only  the  spectra  of  hydrogen,  nitrogen,  and  oxygen  will  be  described. 
The  latter  two  are  of  especial  importance,  as  the  atmospheric  lines  always 
enter  into  spectra  obtained  with  the  electric  spark,  being  caused  by  the 
nitrogen  and  oxygen  of  the  air. 

Hydrogen, — The  spectrum  contains  only  three  lines,  one  each  in  the 
orange,  34,  in  the  blue,  89*5,  and  in  the  violet,  127'6. 

Nitrogen  yields  very  many  lines  in  the  orange,  green,  blue,  and  violet. 

Oxygen. — The  lines  34*5,  50,  82*5  are  especially  brilliant.  Those  at 
42-5,  44,  49,  55-6,  66,  57,  59,  61,  625,  635,  64,  68,  71,  75,  81, 
101*5-105,  117-120  are  less  conspicuous. 

Phosphorescence -spectra  were  first  investigated  by  E.  Becquerel,  who 
used  for  the  purpose  such  substances  as  become  phosphorescent  in  the 
sunlight  (calcium  and  strontium  sulphides).  The  spectra  of  these  phos- 
phorescent compounds  were  not  broken  by  lines,  but  at  the  same  time 
contained  only  small  sections  of  the  sun's  spectrum.  Crookes  has  recently 
employed  phosphorescence-spectra  in  analytical  work,  and  has  discovered 
that  an  electric  spark  passed  over  certain  solid  substances  in  a  Qeissler's 
tul)e  causes  them  to  become  phosphorescent.  The  spectra  of  such  sub- 
stances are  sometimes  uninterrupted  by  lines,  but  they  more  frequently 
contain  bright  bands.  The  spectrum  of  yttrium  sulphate,  for  example, 
is  characterised  by  a  citron  yellow  band.  A  thorough  examination  of  the 
latter  spectrum  has  led  Crookes  to  believe  that  yttrium  is  a  mixture  of 
several  elements  (§  63).  The  recent  introduction  of  this  method,  how- 
ever, with  which,  beside  Crookes,  only  Lecoq  de  Boisbaudran  has  experi- 
mented, has  thus  far  prevented  a  confirmation  of  his  views. 

Absorption -spectra. — If  a  ray  from  a  source  of  light  which  gives  a 
continuous  spectrum  be  passed  through  a  coloured  solution  or  coloured 
gas,  and  then  examined  in  the  spectroscope,  an  absorption-spectrum  is 
seen.  Tlie  spectrum  obtained  when  a  ray  is  passed  through  the  vapours 
of  nitrous  oxide  contains  a  remarkable  number  of  dark  lines.  The 
vapours  of  chlorine,  bromine,  and  iodine  have  a  similar  effect.  There 
are  also  many  coloured  liquids  which  yield  absorption  -  spectra.  The 
majority  of  dyes  form  solutions  individually  characterised  by  their 
absorption- spectra,  and  one  is  also  shown  by  blood.  The  spectroscope 
can  be  used  in  all  such  cases,  not  only  for  the  detection,  but  even  for  the 
quantitative  determination  of  the  coloured  solutions  of  these  substances. 

An  even  greater  interest,  if  possible,  is  attached  to  the  absorption-spectra 
caused  by  rays  which  have  passed  through  the  colourless  solutions  of 
certain  metallic  salts.  The  experiments  of  Bunsen  and  Bahr  have  shown 
that  solutions  of  erbium  and  didymium  are  characterised  by  very  peculiar 
absorption-spectra.  This  class  of  spectra  has  of  late  received  the  attention 
of  several  chemists.  A  short  history  of  their  investigations,  together  with 
the  most  recent  results  of  Krilss  and  Nilson,  who  believe  that  they  have 
found  no  less  than  twenty  different  elements  in  the  salts  of  erbium  and 
didymium,  has  already  been  given  in  the  Supplement  to  Group  IIL 


PAET   SECOND 

QUANTITATIVE   ANALYSIS 

Quantitative  analysis  is  concerned  with  the  determination  of 
the  weights  of  the  elements  in  a  given  compound.  Its  problems, 
like  those  of  qualitative  analysis,  are  solved  through  the  appli- 
cation of  the  properties  of  chemical  compounds.  Quantitative 
analysis  is  inseparably  bound  to  general  chemistry,  since  the 
more  thoroughly  any  element  and  its  compounds  are  investi- 
gated, the  more  exact  become  the  methods  for  its  quantitative 
estimation. 

The  determination  of  the  amount  of  an  element  contained 
in  a  given  compound  can  be  determined  either  by  Gravimetric 
or  Volumetric  analysis.  In  the  former,  the  quantity  of  the 
element  is  determined  by  weight.  In  volumetric  analysis, 
on  the  contrary,  the  estimation  is  based  upon  the  measurement 
of  the  volume  of  a  solution,  the  strength  of  which  is  known, 
which  is  necessary  to  complete  a  given  chemical  reaction. 

The  principal  methods  of  quantitative  analysis  may  be  more 
clearly  studied  if  classed  in  three  divisions. 

Section  I.  Gravimetric  Analysis. 
„     II.  Volumetric  Analysis. 
„  III.  Analysis  of  Organic  Compoimds  (ultimate 
analysis). 


SECTION   I 

GRAVIMETSIO  ANALYSIS 

§  112.  In  gravimetric  analysis  the  element  is  isolated 
from  the  given  substance,  either  as  such  or  as  one  of  its 
compounds,  and  weighed.  In  the  first  case,  the  weight  obtained 
shows  directly  the  quantity  of  the  element  preWously  in  the 
suljstance ;  in  the  second,  when  the  element  is  in  the  form  of 
a  compound  tlie  constitution  of  which  is  known,  its  weight 
is  found  by  calculation.  The  elements  in  a  compound 
can  be  determined  as  elements  very  rarely,  however,  since 
this  is  often  prevented  not  only  by  the  conditions  under  wliich 
the  sejiuration  is  effected,  but  also  by  the  properties  of  the 
elements  themselves.  The  method  most  frequently  used  is  to 
dissolve  the  substance  in  some  medium  (if  it  is  not  already  in 
sfJution)  and  precipitate  the  element  to  be  determined,  in 
the  form  of  an  insoluble  compound.  Although  this  operation 
seems  at  first  very  simple,  it  in  fact  presents  many  compli- 
cations. Every  method  of  gravimetric  determination  must 
satisfy  several  conditions.  The  following  will  make  this 
point  clear. 

The  choice  of  a  compound  in  which  this  or  that  element 
can  be  estimated  is  not  easily  settled.  If  the  compoimd  is  to 
1x3  obtained  by  precipitation,  it  must  be  insoluble,  or  at  least 
rendered  very  sparingly  soluble  by  the  conditions  under  which 
the  reaction  is  caused.  Otherwise  the  precipitation  will  not 
1x5  complete,  i<j.,  the  element  will  not  be  quantitatively  separ- 
ated. Precipitation,  the  first  operation  of  an  analysis,  is 
followed  by  the  washing  of  the  precipitate ;  this  removes  the 
lirpiid  in  which  the  precipitation  was  made.     Tlie  washing- 
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medium  (water,  alcohol,  dilute  nitric  acid)  must  neither  dis- 
solve the  precipitate  nor  have  any  chemical  action  upon  it. 
The  next  steps,  drying  and  igniting,  serve  to  drive  off  the 
water,  or  other  fluid,  used  in  washing.  The  precipitated 
compound  must  withstand  a  high  temperature  without  under- 
going change.  The  last  and  most  important  requisite  is  a 
well-defined  and  unchangeable  composition  in  the  final  com- 
pound, by  means  of  which  it  is  possible  to  calculate  from  the 
weight  of  the  compound  that  of  the  element  which  it  contains. 

To  actually  satisfy  all  these  conditions  is  extremely  difficult, 
and  for  this  reason  gravimetric  analysis  is  complicated.  If 
the  conditions  be  accurately  determined  by  careful  study  of 
the  compounds,  however,  their  intricate  nature  has  no  effect 
upon  the  exactness  of  the  analysis.  The  majority  of  quantita- 
tive methods  contain  an  error,  due  to  the  non-observance  of 
some  one  or  more  of  the  necessary  conditions :  e.g,,  the  slight 
solubility  of  the  chosen  compound  leads  to  incomplete  pre- 
cipitation (loss) ;  or  its  change  on  ignition  causes  inaccuracy 
(gain  or  loss).  The  error  of  a  good  method  is  small  (usually 
about  0*2  per  cent),  and,  furthermore,  its  magnitude  can  be 
almost  exactly  determined,  and  its  influence  thus  rendered 
harmless. 

§  113.  We  have  already  seen  that  gravimetric  analysis 
is  based  upon  single  reactions.  Quantitative  separations, 
like  the  qualitative,  however,  depend  upon  a  combination  of 
reactions.  The  reactions  of  quantitative  separations  require 
the  same  conditions  as  those  of  estimation.  Quantitative 
determinations  can  be  divided  into  the  following  three  classes. 

Direct  estimation  is  the  most  usual,  and  also  the  most 
accurate  method  of  quantitative  analysis.  The  element  to  be 
determined  is  precipitated  and  weighed  (usually  as  one  of  its 
compounds),  or,  if  it  forms  a  suitable  volatile  compound 
(e.g,,  ammonium  salts,  carbonic  acid,  nitric  acid),  it  is  driven  off 
in  the  form  of  the  latter,  and  the  weight  of  the  element  calcu- 
lated from  the  loss  resulting  from  its  volatilisation. — ^Direct 
estimation  from  the  loss. 

Indirect  ddermincUions,  though  nearly  as  common,  are  less 
accurate  than  the  direct  methods.  They  are  used  in  case  an 
element  is  to  be  determined  for  which  the  direct  separation 
methods  are  either  inexact  or  difficult.     The  indirect  method 


V 

Hi 

298  ANALYTICAL  CHEMISTRY  <nA.T.\  ^>iiL. 


consists  in  uniting  both  the  elements  to  be  separated  to  a 
third,  for  example,  chlorine  and  bromine  to  silver,  potassium 
and  sodium  to  sulphuric  «W5id.  The  combined  weight  of  the 
two  compounds  (silver  chloride  and  bromide,  potassium  and 
sodium  sulphates)  is  first  ascertained ;  let  us  call  this  weight 
a.  The  quantity  of  the  metal  or  acid  which  is  common  to 
both  compoimds  is  then  determined  (silver  or  sulphuric  acid 
in  this  case) ;  let  this  value  =  6.  We  now  have  two  equations 
for  the  solution  of  the  two  imknown  quantities,  x  and  a/,  m 
and  mf  representing  the  constituent  common  to  both  com- 
pounds : 

x  +  m  +  jc'+m'  =  aj 
m  +  m  =  6, 

The  solution  of  these  equations  by  means  of  the  diflTerence 
in  the  molecular  weights  of  the  two  compounds,  and  also  a 
second  method  of  deriving  the  equations  in  indirect  deter- 
minations, will  be  explained  in  connection  with  the  first  group 
of  metals.  It  may  be  stated  here,  however,  that  indirect 
methods  can  be  employed  only  when  the  elements  to  be  separ- 
ated bear  a  certain  ratio  to  each  other.  Their  incorrect  use 
may  lead  to  very  inexact  results. 

Estimation  from  the  difference. — ^The  complications  and 
difficulties  involved  in  fulfilling  the  conditions  necessary  for  a 
direct  determination  are  such  that  quantitative  analysis  affords 
no  direct  means  of  estimating  certain  of  the  elements.  The 
principal  members  of  this  class  are  boron  (boric  acid)  and  oxygen. 
In  instances  where  such  elements  are  present,  and  also  when 
the  methods  of  separating  elements  are  inexact  {e,g.,  as  in  the 
case  of  iron  from  alimiinium),  we  determine  by  the  difference. 
This  method  consists  in  finding  by  gravimetric  analysis  the 
quantities  of  all  the  elements  present,  with  the  exception  of  the 
one  for  which  no  method  of  determination  exists.  The  amount 
of  this  or  that  compound  in  which  the  element  in  question 
was  present  is  found  simply  by  subtracting  the  weights 
of  all  the  other  elements  obtained  from  that  of  the  substance 
taken  for  analysis.  Determinations  by  the  difference  cannot 
be  as  exact  as  by  direct  methods.  It  has  already  been  stated 
that  every  direct  method  has  its  error.  If  several  distinct 
determinations  must  be  made,  therefore,  for  which   various 
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methods  (each  with  its  error)  are  employed,  all  the  inaccur- 
acies will  be  concentrated  in  the  value  found  for  the  element 
determined  from  the  differenca  It  may,  of  course,  be  possible 
that  the  several  errors  will  balance  one  another,  but  this  is 
not  necessarily  the  case,  and  determination  by  the  difference 
is  therefore  never  so  trustworthy  as  the  direct  methods. 

The  methods  of  gravimetric  analysis  which  follow  are 
arranged  according  to  the  classification  which  we  have  em- 
ployed in  qualitative  analysis.  To  enable  the  student  to 
learn  those  which  are  more  important  in  a  pr«w5tical  way,  and 
also  to  simplify  his  work,  illustrations  of  these  methods  are 
given  in  the  chapter  on  Examples  of  Gravimetric  Analysis. 

§  114.  Calculation  of  Results. — As  the  elements  are 
usually  weighed  in  the  form  of  compounds  of  known  com- 
position, the  operations  of  an  analysis  are  followed  by  the 
calculation  of  the  quantity  of  the  determined  element  from 
the  data  obtained.  Kiiowledge  of  the  molecular  weight  of  the 
compound  and  the  atomic  weight  of  the  element  to  be  deter- 
mined is  required.  This  may  be  more  easily  explained 
by  an  illustration.  Suppose  the  analysis  of  a  certain  barium 
salt  is  to  be  made.  This  is  accomplished  by  precipitation 
with  sulphuric  acid,  and  the  quantity  of  barium  found  on 
weighing  its  sulphate  must  obviously  represent  all  that  which 
was  present  in  the  salt  analysed.  To  ascertain  how  much 
barium  the  latter  contained,  therefore,  we  calculate  the 
amount  of  the  metal  in  the  quantity  of  its  sulphate,  a, 
obtained.  As  the  molecular  weight  of  barium  sulphate  =  233, 
and  the  atomic  weight  of  barium  =137,  the  following  pro- 
portion is  obtained : 

137 

233  :  137  =a:  x,         z  =  ax . 

233 

The  amount  of  barium  by  weight,  ic,  is  expressed  in  grains 
and  fractions  of  a  gram.  The  weight  thus  found  is  next 
calculated  to  100  parts,  i,e,,  the  percentage  ascertained.  The 
error  of  the  method  is  expressed  in  the  same  way,  and  thus 
if  a  known  substance  is  analysed,  and  the  results  obtained  be 
expressed  in  percentage,  the  magnitude  of  the  error  made  in 
the  analysis  is  at  once  apparent.  The  value  x  is  calculated  to 
percentage.     Continuing  with  the  same  example,  if  the  amount 
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b  of  the  barium  salt  has  been  taken  for  analysis,  this  is  accom- 
plished by  multiplying  x  by  : 

b 

137     100 

233        h 

The  calculation  is  carried  out  to  the  second  decimal  place ; 
additional  figures  have  no  value,  and  even  the  second  figures 
are  usually  unreliable  (see  below). 

The  above  explanations  may  be  thus  summarised.  To 
find  the  amount  of  an  element  (x),  the  value  found  by  weigh- 
ing is  multiplied  by  a  fraction,  the  numerator  of  which  is  the 
atomic  weight  of  the  element  in  question,  and  the  denomina- 
tor the  molecular  weight  of  the  compound  as  wliich  the 
element  was  weighed.  The  data  obtained  in  the  analysis  are 
calculated  to  the  element,  as  we  have  seen.  The  oxygen 
in  oxides  is  never  directly  determined,  but  obtained  by  the 
diflerence  found  in  subtracting  the  total  weight  of  the  re- 
maining elements  from  100  (the  values  having  previously 
been  reduced  to  percentage).  The  metals  were  formerly,  and 
very  frequently  still  are,  calculated  to  their  oxides — the  metal- 
loids to  their  acids,  or,  more  coiTCctly,  to  their  acid  anhydrides. 
In  such  calculations  the  molecular  weight  of  the  metallic 
oxide  or  acid  anhydride  is  substituted  for  the  atomic  weight 
of  the  element ;  in  the  foregoing  illustration,  for  instance,  the 
amount  of  barium  oxide  (mol.  wt.  =  153)  and  of  sulphuric 
anhydride  (mol.  wt.  =  80)  are  ascertained : 

233: 153  =  o:  a. 
153 

The  amoimt  of  barium  oxide,  x  =  a , 

233 

80 
and  of  sulphuric  anhydride,  ^  =  ^-^r:r:;' 

233 

In  the  calculation  of  analysis  of  very  complicated  substances  (soils, 
mineral  water,  etc.)  it  is  generally  understood  that  the  metals  are  to  be 
expressed  as  their  oxides  and  the  acids  as  their  anhydrides.  The  values 
are  finally  given  in  the  form  of  salts  (the  equivalent  weights  of  acids  and 
metals  having  first  been  calculated,  see  below),  the  acids  being  assigned 
to  the  bases  by  more  or  less  arbitrary  methods.     If,  for  instance,  chlorine. 
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sulphuric   acid,    and  potassium  are  contained  in   a  substance,  they  ai*e 
expressed  as  potassium  chloride  and  potassium  sulphate. 

A   check  upon   the  data  of  the  analysis,  which  possesses 

more    or    less   accuracy,   is   usually   possible.     It   is   entirely 

reliable  in    the   analysis   of   chemical    compounds   (with   the 

exception  of  certain  compounds  of  almost  equal   percentage 

composition,  and  with  high  molecular  weights).     Let  us  turn 

to  the  example  which  we  have  already  used,  and  assume  that 

barium  chloride  has  been  analysed  and  the  results  calculated. 

Barium  chloride  has  the  molecular  weight  208,  and  contains 

in  208  parts  137  parts  of  barium.     Calculating  to  percentage, 

we  have : 

208  :  137  =  100:  a:, 

208-100 
X  =  —       —  • 
137 

The  value  x  (per  cent  of  barium)  must  be  equal  to  the  x 
obtained  in  the  analysis,  ie.,  to  the  percentage  of  barium  found. 

Error  in  gravimetric  analysis.  —  The  two  values  obtained  for  x 
never  exactly  agree  in  practice,  as  every  method  of  quantitative  analysis 
has  its  individual  error  (the  cause  of  which  was  explained  in  §  112). 
Errors  are  involved  not  only  in  neglect  of  the  requisite  conditions,  but 
also  in  the  practical  operations  of  filtration,  washing,  etc.  The  data  of 
an  analysis  are  nevertheless  to  be  relied  upon,  for  the  error  of  every  good 
method  Hea  within  definite  limits.  To  determine  it,  an  accurately 
weighed  quantity  of  the  given  compound,  in  the  purest  state  possible,  is 
analysed,  absolute  exactness  in  the  operations  being  assumed,  and  the 
percentage  of  metal  or  acid  calculated  from  the  results.  Pure  barium 
chloride,  for  instance,  is  precipitated  with  sulphuric  acid,  and  the  quantity  of 
barium  found  from  that  of  its  sulphate.  If  we  suppose  that  of  1000  parts 
barium  only  999  have  been  recovered,  the  error  of  the  analysis  is  0*1  per 
cent.  When  the  values  are  expressed  in  percentage,  the  third,  and  very 
often  the  second,  decimal  places  have  no  worth — speaking,  of  course,  of 
the  ordinary  operations.  If  the  greatest  precaution  be  observed,  the 
personal  error  is  reduced.  In  Stas's  determinations  of  the  atomic  weights 
the  correctness  of  the  results  is  assured  even  to  the  third  decimal.  They 
have  been  proved  by  coincidence  between  the  values  obtained  by  methods 
which  exhibited  the  widest  variations  among  themselves. 

The  analysis  of  substances  which  possess  no  definite 
chemical  composition  can  rarely  be  accurately  controlled. 
Analyses  of  alloys  and  substances,  all  the  components  of  which 
have  been  determined,  can  be  checked  by  the  approximation  of 
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the  sum  of  results  to  100,  but  even  if  they  are  exactly  equal 
to  this  figure,  the  possibility  of  incorrect  determinations  of 
the  single  constituents  is  not  excluded,  and  such  errors  remain 
undetected.  To  check  complicated  mixtures  (of  salts,  or 
silicates,  for  example)  the  metals  and  acids  are  calculated  to 
bases  and  acid  anhydrides,  and  the  sum  of  the  equivalent 
weights  of  the  bases  compared  with  those  of  the  acid  anhydrides. 
These  two  values  must  always  agree.  To  illustrate  this  by  an 
example,  let  us  suppose  that  an  isomorphous  mixture  of 
copper  and  ferrous  sulphates  has  been  analysed,  with  the 
following  percentage  results : 

CuO  =  26-56;  FeO  =  23-12;  803  =  51-38. 

These  values  are  next  converted  to  equivalents  (by  divid- 
ing by  the  molecular  weights  of  the  respective  compoimds) : 

CuO  =  ?^= 0-322. 

79-4 

FeO  =  ^=0;320 
'^        0-642. 

SO.  =  ^1:5^  =  0-642. 

•^         80 

The  coincidence  between  the  equivalent  values  of  the  two  bases  and 
sulphuric  acid  assures  us  that  the  analysis  was  correct. 

This  method  of  confirming  an  analysis  is  also  open  to  certain  objec- 
tions. The  silicates,  for  instance,  often  contain  a  greater  quantity  of 
silica  than  the  metals  found  require.  Silica  forms  several  polysilicates, 
and  the  computations  of  the  mineralogist  are  calculated  from  the  ratio 
of  the  oxygen  of  the  bases  to  that  of  the  acids.  Finally,  the  state  in 
which  certain  oxides  (aluminium  oxide,  boric  acid,  etc.)  are  present  in  the 
substance  is  uncertain,  e.g.y  aluminium  oxide  may  be  present  as  an  acid,  or 
boron  as  a  base. 

To  derive  the  formula  of  a  chemical  compound  from  the  data 
of  the  analysis,  the  equivalent  quantities  are  deduced  from  the 
percentage  results,  as  above.  We  may  use  as  an  illustration 
the  calculation  of  the  formula  of  the  double  iron  and  copper 
sulphate  which  has  just  been  given.  In  order  to  avoid  new 
calculations  (the  constituents  of  the  salt  were  expressed  as 
bases  and  acids ;  the  method  is  obviously  the  same  if  we  employ 
the  elements  themselves),  we  shall  take  the  values  assumed 
above : 
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CuO  =  0-322  =  1, 
FeO  =  0-320=1, 
SO3  =  0-642  =  2. 

The  equivalent  quantities  therefore  stand  in  the  ratio  of 
1:1:2,  and  the  compound  contained  one  equivalent  part  of 
CuO,  one  of  FeO,  and  two  of  SOg,  i.e.,  it  had  the  molecular 
proportions  of  the  double  salt  FeSO^  +  CuSO^. 

§  115.  The  atomic  weights, — In  ordinary  analytical  cal- 
culations the  atomic  weights  used  need  contain  only  one 
decimal,  without  danger  of  any  appreciable  error.  The  com- 
putation of  more  delicate  operations,  such  as  atomic  weight 
determinations,  requires  most  exact  values  for  the  atomic 
weights,  both  empirical  and  calculated.  The  foundation  of 
the  periodic  system  of  the  elements  has  recently  called  for 
new  determinations  of  certain  elements.  The  atomic  weights 
in  the  table  at  the  end  of  this  volume  follow  the  calculations 
of  Ostwald.  They  are  given  with  one  more  decimal  than  is 
guaranteed  by  the  accuracy  of  tlie  determinations,  and  are 
based  upon  the  hypothesis  that  that  of  oxygen  is  16,  as  the 
ratio  between  the  atomic  weights  of  oxygen  and  hydrogen  is 
not  yet  fully  ascertained.  It  is  not  as  1 : 1 6  at  any  rate,  but 
lies  between  the  ratios  1*002  :  16  and  I'OOS  :  16,  and  is  still  to 
be  determined.  Since  atomic  weights  in  which  H  =  1  is  taken 
as  the  unit  are  often  employed,  the  values  calculated  on  this 
basis  by  Lothar  Meyer  and  Seubert  are  placed  in  the  second 
column.  In  this  table  we  have  followed  the  authors  in 
assuming  the  ratio  between  the  atomic  weights  of  hydrogen 
and  oxygen  as  1 :  15*96. 


GRAVIMETRIC  DETERMINATIONS  AND 
SEPARATIONS  OF  THE  METALS 

GROUP  I 
POTASSIUM,  SODIUM,  AMMONIUM 

§  116.  I.  Determination.  —  The  alkali  metals  (Nvith  the 
exception  of  ammouiuin)  are  preferably  determined  as  their 
sulphates,  these  salts  affording  very  accurate  results.  The 
properties  of  the  chlorides  and  nitrates  render  these  compounds 
less  suitable,  as  their  detennination  is  much  more  affected  by 
the  prevailing  conditions  and  more  intricate  than  that  of  the  sul- 
phates. Estimation  in  the  form  of  these  compounds  is  possible 
only  with  the  salts  of  readily  volatile  acids.  Salts  of  acids 
which  are  volatilised  with  difficulty  or  withstand  a  high 
temperature  require  either  the  removal  of  the  acids  (sodium ; 
the  operation  will  be  explained  in  the  paragraphs  on  the 
respective  acids)  or  determination  as  platinichlorides  (potassium 
and  ammonium,  possible  only  when  the  acid  is  soluble  in 
alcohol).  The  platinichlorides  are  principally  used  in  separa- 
tions. As  the  silicofluorides,  though  suitable  for  determina- 
tions, are  almost  never  employed  (except  in  single  separations), 
this  method  will  not  be  considered.  The  ammonium  of 
ammonium  salts  is  usually  determined  as  its  phitinichloride, 
or,  when  this  is  impossible,  it  is  driven  from  its  compound 
and  estimated  by  the  ditference. 

DetemiiiuUion  of  sodiuvi  aiid  potassmm  as  their  sulphates, — 
The  alkali  salt  (of  a  volatile  acid)  is  converted  to  the  sul- 
phate by  evaporation  on  the  water -bath  with  a  quantity  of 
sulphuric  acid  sufficient  to  displace  the  acid  of  the  salt.     Too 
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great  an  excess  of  sulphuric  acid  must  be  avoided,  as  its 
removal  is  somewhat  difl&cult.  The  strongly  concentrated 
solution  of  the  acid  sulphate  of  sodium  or  potassium  is  next 
poured  into  a  platinum  crucible,  the  evaporating  dish  carefully 
rinsed,  the  rinse-water  added,  and  the  solution  evaporated  to  dry- 
ness. The  superfluous  sulphuric  acid  is  removed  by  cautiously 
heating  the  upper  part  of  the  crucible,  which  should  be  placed 
obliquely  and  covered.  To  remove  the  last  traces  of  sulphuric 
acid  small  parts  of  ammonium  carbonate  must  be  thrown  into 
the  crucible.  Stronger  heat  may  be  applied  toward  the  end  of 
the  operation,  but  care  must  be  taken  that  no  potassium  sul- 
phate is  lost  by  spirting,  and  when  expgsed  to  a  red  heat  the 
crucible  must  be  covered.  Complete  removal  of  the  sulphuric 
acid  may  be  assumed  when  the  weight  of  the  crucible  under- 
goes no  change  after  repeated  ignition.  All  of  these  operations 
can  be  very  conveniently  performed  in  a  muffle,  the  bottom  of 
which  has  two  openings,  one  for  the  cinicible,  the  other  for  the 
lamp  (Lieben),  or  in  an  open,  cup -shaped  air-bath.  The 
determination  of  the  alkali  metals  as  chlorides  or  nitrates  is 
accomplished  in  the  same  manner,  but  the  heating  and 
ignition  require  greater  caution ;  the  nitrates  may  be  heated 
until  they  begin  to  fuse,  the  chlorides  to  a  dark-red  heat,  in  a 
covered  crucible.  It  is  also  possible  to  estimate  ammonia  as 
ammonium  chloride,  the  salt  being  dried  at  100''  C. 

Determination  of  potassium  and  amm^onium  as  platini* 
chlorides. — The  solution  of  the  chlorides  is  mixed  with  platinic 
chloride  in  a  porcelain  casserole,  and  evaporated  almost  to 
dryness  on  the  water-bath.  The  residue  is  then  digested 
with  a  mixture  of  3  parts  alcohol  and  1  part  ether,  brought 
on  a  filter  which  has  previously  been  dried  and  weighed, 
washed  with  alcohol  and  ether,  and  dried  at  100®  C.  to  constant 
weight.  A  weighed  portion  of  the  precipitate  is  then  heated 
to  130"*,  and  its  loss  of  weight  at  that  temperature  calculated 
to  the  entire  precipitate,  and  the  result  subtracted  from  the 
weight  of  the  platinichloride.  A  more  accurate  method  is  to 
decompose  the  previously  dried  platinichloride  by  ignition. 
The  salt  must  be  wrapped  in  the  filter  paper,  to  prevent  its 
being  carried  away  mechcmically,  and  very  carefully  ignited 
(the  filter  must  first  be  carbonised  and  then  burned),  either  in 
a  hydrogen  stream  or  after  the  addition  of  a  few  crystals  of 
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oxalic  acid.  The  potassium  chloride  is  removed  by  water, 
preferably  through  decantation,  and  the  platinum  dried  and 
weighed.  Each  atom  of  platinum  corresponds  to  two  of 
potassium.  The  estimation  of  ammonia  is  effected  in  the  • 
same  way.  Ammonium  platinichloride  yields  pure  metallic 
platinum  on  ignition.  To  avoid  the  always  inaccurate  use  of 
a  weighed  filter  in  estimating  the  alkali  metals  as  platini- 
chlorides,  the  potassium  salt,  dried  at  100°  C.  as  usual,  may 
be  dissolved  in  boiling  water  and  evaporated  to  dryness  in  a 
weighed  platinum  dish  or  crucible.  The  residue  is  then  dried 
at  130°  C.  to  constant  weight.  In  determinations  as  platini- 
chlorides,  the  metalg  must  be  present  as  chlorides.  The 
nitrates  are  converted  to  the  latter  by  evaporation  to  dryness 
with  hydrochloric  acid  and  re-solution  in  water.  Sulphates 
are  treated  for  the  same  purpose  with  barium  chloride,  the 
least  excess  of  the  latter  being  avoided.  If  nitrates  and  sul- 
phates are  both  present,  they  are  converted  entirely  to  the 
sulphates  by  treatment  with  sulphuric  acid,  and  then  into 
chlorides  as  above. 

The  determination  of  ammonia  by  means  of  its  liberation  from 
comjTounds  can  be  accomplished  by  various  methods,  of  which 
only  one  need  be  given.  To  estimate  it  by  boiling  the 
ammonium  sah  with  caustic  alkalies,  a  flask  is  employed, 
which  is  connected  with  a  condenser  and  receiver.  The  latter 
is  filled  with  dilute  hydrochloric  acid  (if  the  ammonia  is  to  be 
determined  as  ammonium  platinichloride),  or  with  a  standard 
solution  of  sulphuric  acid  (for  its  volumetric  determination). 
The  ammonium  salt  is  weighed  in  a  small  glass  tube,  and, 
without  being  taken  from  the  latter,  dropped  into  the  flask, 
in  which  potassium  or  calcium  hydroxide  has  already  been 
placed.  The  flask  is  then  quickly  joined  to  the  condenser, 
and  the  ammonia  liberated  by  boiling,  and  caught  in  the 
receiver, 

§  117.  II.  Separations. — When  ammonium  is  to  be 
separated  from  sodium  and  potassium,  it  becomes  advantageous 
to  determine  it  in  a  separate  portion  of  the  substance,  by  con- 
version into  ammonia  under  the  conditions  given  in  §  116. 
Ammonium  salts  may  be  estimated  from  the  loss  on  ignition, 
but  the  method  is  less  accurate,  and  can  be  employed  only 
when  the  following  conditions  prevail.      1.  All  the  salts,  both  of 
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the  alkalies  and  of  ammonia,  must  be  of  one  and  the  same 
acid.  2.  It  must  be  possible  to  dry  the  salts  at  100°  C.  without 
loss  of  ammonia.  These  conditions  having  been  secured,  the 
mixture  is  weighed  in  a  platinum  crucible,  the  latter  covered, 
and  at  first  cautiously  warmed,  then  ignited  at  a  gentle  heat. 
If  the  sulphates  were  used,  a  small  excess  of  sulphuric  acid 
remains,  and  must  be  removed  before  the  weighing.  This  is 
effected  by  the  addition  of  small  pieces  of  ammonium  carbonate 
to  the  residue,  and  subsequent  ignition.  The  loss  of  weight 
which  the  crucible  undergoes  gives  the  quantity  of  the 
ammonium  salts. 

Potassium  and  ammonium  from  sodium  as  their  platini- 
chlorides.  The  conditions  necessary  are  the  same  as  in  the 
single  determinations  (§  116).  An  excess  of  platinic  chloride 
must  be  employed,  and  after  the  washing  with  alcohol  and 
ether  the  filtrate  must  be  yellow.  A  colourless  solution 
indicates  the  presence  of  too  little  platinic  chloride,  and  the 
consequent  possibility  of  an  error,  since,  if  all  the  sodium 
chloride  is  not  transformed  to  the  platinichloride,  the  unaltered 
portion  remains  on  the  filter  with  the  potassium  salt,  being 
insoluble  in  alcohol.  If  the  combined  weight  of  the  chlorides 
or  sulphates  from  which  sodium  is  separated  by  this  method 
is  known,  the  quantity  of  sodium  is  determined  by  the  difference, 
as  direct  methods  for  its  estimation  under  the  prevailing  con- 
ditions are  very  intricate. 

Potassium  from  sodium.  Indirect  determinations,  —  To 
ensure  the  correct  use  of  the  indirect  determinations,  we  will 
supplement  the  discussion  of  this  method  in  §  113  by  the 
following  remarks.  Let  us  assume  that  an  element,  x,  of  the 
atomic  weight  P,  is  to  be  separated  from  another,  y,  the  atomic 
weight  of  which  is  Q,  and  that  for  this  purpose  both  of  the 
elements  have  been  combined  with  the  same  acid,  R  Let  the 
sum  of  the  salts  PR  +  QR  be  a,  and  the  quantity  of  acid  which 
they  contain  m  +  n  =  b.     We  have  the  equations : 

x  +  w  +  j/  +  n  =  a, 
m  +  n  =  b. 

X      P  y      Q 

But  —  =  7-  and  -  =  —'     Eliminating  m  and  n  from  the  equa- 
m     R  n     It 

tion : 
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Indirect  determinations  may  be  made  in  various  ways.  For 
the  alkali  metals,  the  sum  of  the  sulphates  or  chlorides  is  first 
found,  and  the  sulphuric  acid  or  chlorine  subsequently  estimated. 
The  methods  for  the  latter  determinations  will  be  found  in 
the  respective  paragraphs.  These  two  values  suffice  for  the 
calculation  of  the  sodium  and  potassium.  The  most  suitable 
conditions  for  indirect  determinations  may  be  made  clearer  by 
the  illustration  of  another  method  of  calculating  the  residts. 
The  sum  of  the  chlorides  is  again  denoted  by  x,  and  their 
chlorine  by  b.  If  the  quantity  of  chlorine,  b,  be  calculated 
entirely  to  potassium  chloride,  according  to  the  proportion 
35*5  :  74*6  =b:x,  we  obtain  the  value  c,  which  is  greater  than 
the  combined  weight  of  the  two  chlorides  taken  for  analysis, 
since  the  molecular  weight  of  sodium  chloride  is  less  than  that 
of  the  potassium  salt.  The  difference,  c — a,  stands  in  the 
same  ratio  to  the  quantity  of  sodium,  as  the  number  16*1,  the 
difference  between  the  molecular  weights  of  the  chlorides 
(74*6  —  5 8 '5),  bears  to  the  molecular  weight  of  sodium  chloride. 
The  proportion  is  therefore 

16*1  :58-5  =  c-a:a:, 

X  being  the  quantity  of  sodium  chloride  in  the  compound. 

An  examination  of  these  formulae  for  indirect  determination 
shows  that  the  use  of  the  method  becomes  the  more  satisfactory, 
(1)  the  lower  the  atomic  weights  of  the  metals  to  be  sepai-ated, 
and  the  greater  the  difference  between  the  atomic  weights  ;  (2) 
the  greater  the  molecular  or  atomic  weight  of  the  body  with 
which  the  metals  are  combined,  and  (3)  the  nearer  the  ratio 
between  the  respective  mettils  is  to  that  of  their  atomic 
weights. 

GROUP   II 
BABIUM,  STEONTIUM,  GALCIUM 

§  118.  I.  Determinations. — Barium  is  determined,  when- 
ever possible,  as  the  sulphate ;  this  method  is  very  accurate. 
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Strontium  is  also  detennined  as  the  sulphate  in  the  majority  of 
instances,  but  occasionally  as  strontium  carbonate :  calcium, 
almost  exclusively  by  precipitation  as  the  oxalate  and  final 
conversion  to  the  oxide  or  carbonate.  In  the  calcium  salts  of 
organic  acids,  the  metal  can  also  be  determined  as  sulphate 
(see  §  171).  All  these  methods  are  exact,  and  others  are 
employed  (in  separations,  etc.)  only  when  their  use  is  not  per- 
mitted. The  remaining  methods  will  be  discussed  in  connec- 
tion with  the  separations. 

Estimation  as  sulpJiaies, — This  method  is  inexact  in  the 
presence  of  metaphosphoric  or  concentrated  sulphuric  acid, 
of  citric  and  other  non-volatile  organic  acids,  and  also  when 
large  quantities  of  any  ammonium  salt  (e.g.,  the  nitrate)  are 
present,  the  precipitation  being  incomplete  under  these  con- 
ditions. In  presence  of  alkali  salts  the  values  obtained  are 
always  too  high,  as  small  quantities  of  these  salts  are  held 
back  by  the  precipitate. 

1.  Determination  of  harivmi. — Barium  sulphate  is  precipi- 
tated by  dilute  sulphuric  acid,  both  the  solution  and  precipit- 
ant having  first  been  heated  to  incipient  boiling  (a  large 
excess  of  free  acid  influences  the  accuracy,  though  the  presence 
of  some  hydrochloric  acid  is  required).  When  precipitated 
from  cold  solutions  the  barium  sidphate  is  not  crystalline, 
and  passes  through  the  filter.  The  heat  is  maintained  for  some 
time,  the  glass  being  placed  on  the  water-bath  until  the  pre- 
cipitate has  subsided,  and  the  supernatant  liquid  then  decanted 
through  a  filter.  The  precipitate  is  again  treated  with  boiling 
water,  stirred,  allowed  to  settle,  again  decanted,  and  this 
operation  repeated  once  or  twice  more.  The  salt  itself  is 
finally  brought  on  the  filter,  washed  with  hot  water,  dried,  and 
ignited. 

2.  Determination  of  strontium  and  calcium. — The  solution 
of  strontium  or  calcium  is  first  precipitated  in  the  cold  with 
dilute  sidphuric  acid,  and  an  equal  volume  of  alcohol  then 
added.  The  latter  lessens  the  solubility  of  the  sulphates.  The 
precipitate  is  filtered  after  twelve  hours,  dried,  and  ignited.  If 
the  addition  of  alcohol  is  impossible  or  inexpedient,  the  pre- 
cipitation may  be  made  with  an  excess  of  dilute  sulphuric  acid, 
but  the  latter  method  is  far  less  satisfactory  than  the  former. 

StrorUium. — The    carbonate    is    more    suitable    than    the 
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sulphate  for  accurate  determinations.  The  moderately  con- 
centrated solution  of  the  strontium  salt  is  treated  with  a  small 
excess  of  ammonium  carbonate  in  presence  of  ammonia,  and 
allowed  to  stand  for  several  hours  at  a  gentle  heat.  The 
precipitate  is  then  filtered,  dried,  and  ignited.  Ammonium  salts 
influence  the  solubility  of  strontium  carbonate,  and  the  method 
is  therefore  slightly  inaccurate  in  their  presence.  Calcium 
and  barium  are  determined  by  this  method  only  in  separations. 
When  barium  is  to  be  weighed  as  the  carbonate,  protracted 
ignition  in  the  air  must  be  avoided,  as  a  loss  is  thus  involved, 
which  is  due,  according  to  the  experiments  of  H.  Stinive,  to  the 
formation  of  barium  peroxide. 

Determination  of  calciuvi  hy  precipitation  as  calcium  oxalate, 
— The  hot  solution  of  the  calcium  salt  is  treated  with  an 
excess  of  ainmonium  oxalate  and  ammonia,  enough  of  the  latter 
being  added  to  impart  a  strong  odour  to  the  solution.  The 
covered  glass  is  then  gently  warmed  for  at  least  twelve  hours, 
or  until  the  precipitate  has  fully  settled.  The  supernatant 
liquid  is  filtered,  and  the  precipitate  washed  several  times  by 
decantation,  and  finally  on  the  filter.  In  washing  on  the  filter  a 
second  quantity  of  water  must  not  be  added  until  the  filter  is 
empty.  The  filter  is  dried  with  the  precipitate,  and  the  calcium 
determined  either  (1)  as  its  carbonate,  or  (2)  its  oxide.  1.  If 
it  is  to  be  weighed  as  the  carbonate  the  precipitate  is  placed 
in  a  platinum  crucible,  the  filter  being  burned  alone  and  its 
ash  dropped  into  the  crucible.  The  latter  is  then  covered, 
and  heated  very  gently  at  first,  but  subsequently  until 
the  bottom  becomes  dull  red.  This  temperature  is  main- 
tained for  ten  minutes.  Careful  ignition  is  best  secured  by 
holding  the  lamp  in  the  hand  and  slowly  moving  it  around  the 
crucible.  After  being  allowed  to  cool  in  an  exsiccator,  the 
crucible  is  weighed.  A  test  must  then  be  made  to  ascerttihi 
whether  the  calcium  is  in  the  form  of  its  carbonate  alone,  and  not 
partly  converted  to  the  oxide.  The  contents  of  the  crucible  are 
for  this  purpose  moistened  with  a  few  drops  of  water,  and  tested 
with  turmeric  paper.  If  the  latter  turns  brown,  calcium  oxide 
has  been  formed.  In  this  case  the  paper  must  be  rinsed  off 
with  water,  a  piece  of  ammonium  carbonate  placed  in  the 
crucible,  and  the  water  driven  off  on  the  water -bath.  The 
crucible  is  then  cautiously  ignited  and  again  weighed.     If  the 
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operation  has  changed  the  weight,  the  treatment  with  ammonium 
carbonate  must  be  repeated,  until  two  consecutive  weighings 
show  no  difiference.  2.  The  estimation  as  oxide  is  much  simpler. 
The  precipitated  oxalate  is  heated  before  the  blow-pipe  for 
twenty  minutes  or  longer,  according  to  the  quantity  of  the 
salt.  The  crucible  is  then  allowed  to  cool,  weighed,  and  again 
ignited  for  ten  minutes.  The  second  weighing  must  give 
the  same  results  as  the  first ;  if  any  loss  has  ensued,  the 
ignition  is  repeated  again,  or,  in  general,  until  the  weight  re- 
mains constant. 

§  119.  II.  Separations,  (a)  Barium  from  strontium  and 
calcium, — This  is  always  effected  by  precipitating  the  barium  as 
its  chromate.  The  necessary  conditions,  which  are  given  below, 
must  be  exactly  fulfilled.  The  method  formerly  recommended 
by  Rose,  which  consists  in  treating  the  sulphates  with  a  mixture 
of  potassium  carbonate  and  sulphate,  has  been  proved  inaccurate 
by  the  experiments  of  R.  Fresenius.  The  method  of  separating 
barium  as  its  silicofluoride  is  also  inexact. 

Separation  as  baHum  chromate, — The  neutral  solution  is 
acidified  by  a  few  drops  of  acetic  acid,  heated,  and  precipitated 
with  ammonium  monochromate  (for  the  preparation  of  this  salt, 
see  §  17).  After  becoming  cool  again  it  is  filtered  off,  and  the 
precipitate  dissolved  in  a  bjurely  suflBcient  quantity  of  nitric 
acid  of  sp.  gr.  1*20.  This  solution  is  then  diluted  with  200 
c.c.  water  and  5  c.c.  of  a  10  per  cent  solution  of  ammonium 
acetate,  and  again  precipitated  with  ammonium  chromate.  The 
barium  chromate  is  then  washed  and  very  gently  ignited. 
Strontium  and  calcium  remain  in  the  filtrate  as  their 
chromates. 

Strontium  from  calcium.  Separation  hosed  on  the  insolu- 
bility of  strontium  nitrate  in  alcohol. — ^The  nitrates  of  the  two 
metals  are  thoroughly  dried  on  the  water-bath,  and  afterwards 
for  some  time  at  130°,  in  a  flask  provided  with  a  stopper.  The 
residue  is  digested,  in  the  same  vessel,  with  equal  volumes  of 
absolute  alcohol  and  ether,  the  mixture  being  still  less  a  solvent 
for  strontium  nitrate  than  alcohol  alone.  The  residual  salt 
is  washed  with  alcohol  and  ether  on  a  filter  protected  by  a 
glass  plate.  Both  the  strontium  and  calcium  are  finally 
determined  as  their  sidphates  (§  118). 

Indirect  determination, — ^There  are  several  indirect  methods, 
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of  which  only  the  following  will  be  described.  The  strontium 
and  calcium  are  precipitated  as  their  carbonates  (§  118),  their 
combined  weight  ascertained,  and  the  amount  of  carbonic  acid 
estimated  from  the  loss  on  ignition  at  a  white  heat.  The 
strontium  and  calcium  are  calculated  from  these  data  by  the 
formulae  given  in  §  117. 

(6)  Separation  of  barium,  strontium,  and  calcium  from  the 
metals  of  Group  7. — ^A  distinction  will  be  made,  in  the  de- 
scription of  separations,  between  the  general  and  special 
methods.  By  general  separations  we  mean  those  in  which  all 
the  metals  of  one  group  or  division  are  separated  from 
another  group  in  a  single  operation.  The  special  methods  are 
employed  to  separate  the  single  metals  from  one  another.  They 
are  always  the  more  accurate,  and  are  to  be  employed  when- 
ever possible ;  the  general  methods  give  inexact  results,  which 
are  due  to  the  complicated  conditions  involved,  and  at  the 
same  time  very  difficultly  secured ;  and  they  are  to  be  used 
only  when  special  methods  are  inapplicable.  Cases  in  which 
they  must  be  employed  seldom  occur  in  practice,  however,  and 
the  special  methods  are  therefore  almost  always  expedient. 

Special  methods, — Barium  is  separated  from  the  alkali 
metals  by  means  of  sulphuric  acid  whenever  possible  (§  118), 
calcium  as  calcium  oxalate  (§  118),  and  strontium  as  its  car- 
bonate (§  118). 

General  methods.  —  If  barium  and  calcium  cannot  be 
separated  by  special  methods,  all  three  metals  are  precipitated 
as  their  carbonates  by  ammonium  carbonate  and  ammonia.  If 
magnesium  is  present,  ammonia  cannot  be  employed,  and  the 
method  is  consequently  inaccurate. 

The  operations  necessary  in  this  case  are  explained  in  the 
separation  of  magnesium.  Ammoniimi  must  be  determined 
in  an  extra  portion  of  the  substance. 

MAGNESIUM 

§  120.  I.  Determination  of  Magnesium. — Magnesium 
is  almost  invariably  precipitated  as  ammonium  magnesium 
phosphate  (except  in  occasional  separations,  see  II.)  Its  solu- 
tion is  mixed  with  ammonia  and  ammonium  chloride  (if  a 
precipitate  appears,  more  of  the  latter  is  added)  until  it  smells 


f  120  SEPARATION  OF  MAGNESIUM  818 

Strongly  of  ammonia ;  the  solution  is  then  precipitated  by  an 
excess  of  sodium  phosphate  (sodium  ammonium  phosphate  has 
recently  been  employed  to  advantage),  and,  after  being  stirred 
with  a  glass  rod,  which  must  not  touch  the  side  of  the  vessel, 
it  is  covered  with  a  watch-glass  and  allowed  to  stand  for 
twelve  hours.  The  precipitate  is  then  brought  upon  a  filter 
and  washed  with  a  mixture  of  3  parts  water  and  1  part 
ammonia,  until  the  filtrate  gives  no  turbidity  with  silver 
nitrate  in  presence  of  nitric  acid.  Washing  for  a  much  longer 
time  than  necessary  may  lead  to  a  small  error.  The  precipitate 
is  next  dried,  removed  from  the  filter,  and  ignited,  cautiously 
at  first,  in  a  platinum  crucible.  A  stronger  heat  is  applied  as 
soon  as  the  water  and  ammonia  have  been  driven  off.  The  filter 
is  burned  by  itself  and  its  ash  added  to  the  contents  of  the 
crucible.  Magnesium  pyrophosphate,  Mg2P20^,  remains  after 
the  ignition,  and  is  weighed  in  this  form. 

II.  Separation  of  Magnesium. — From  Orowp  IL,  Division 
1  (barium,  strontium,  and  calcium).  The  general  method  is 
to  precipitate  the  solution  with  ammonium  carbonate  in  pres- 
ence of  ammonia  and  a  great  excess  of  ammonium  chloride. 
The  mixture  is  then  slightly  heated  or  allowed  to  stand  for 
twelve  hours  in  a  warm  place,  when  the  precipitated  car- 
bonates of  barium,  strontium,  and  calcium  are  filtered  and 
washed  with  water  and  ammonia.  The  method  is  not  entirely 
exact,  as  ammonium  chloride  dissolves  traces  of  barium  and 
calcium  carbonates.  To  obviate  the  error  involved,  the 
filtrate  is  treated,  before  the  precipitation  of  magnesium,  with 
a  few  drops  of  dilute  sulphuric  acid,  the  barium  sulphate 
filtered  off,  and  ammonium  oxalate  is  then  added,  to  precipitate 
the  traces  of  calcium.  The  solution  is  then  re-filtered,  and 
magnesium  thrown  down  by  sodium  phosphate,  or  sodium 
ammonium  phosphate.  The  special  methods  are  much  more 
accurate.  The  above  method  is  used  only  for  strontium 
(8  118),  barium  being  separated  by  means  of  sulphuric  acid 
(§  118),  and  calcium  with  ammonium  oxalate  in  presence  of 
ammonia  and  ammonium  chloride  (§  118).  Since  the  calcium 
oxalate  carries  down  traces  of  ammonium  magnesium  oxalate 
in  the  first  precipitation,  the  precipitate  must  be  redissolved 
in  dilute  hydrochloric  acid  after  being  washed,  and  again 
thrown  down  by  neutralisation  with  ammonia.     In  all  special 
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methods  the  magnesium  is  precipitated  from  its  solution  by 
sodium  phosphate,  the  precautions  mentioned  in  I.  l)eing 
carefully  observed,  and  is  finally  weighed  as  magnesium  pyro- 
phosphate. 

Separation  from  Group  /. — The  methods  of  separating 
magnesium  from  the  alkali  metals  are  based  upon  the  forma- 
tion of  magnesium  oxide,  which  is  insoluble  in  water,  or  of  the 
carbonate  or  phosphate.  The  last  of  these  methods,  although 
the  most  circuitous,  nevertheless  gives  the  most  trustworthy 
residts.  Wliichever  method  be  employed,  the  alkaUes  are 
determined  by  evaporation  (and  ignition,  if  ammonium  salts 
are  present),  as  the  chlorides  or  sulphates. 

(a)  Separation  as  magnesium  hi/droxidc.  —  Magnesium 
hydroxide  is  precipitated  by  baryta -water,  lime -milk,  or 
mercuric  oxide.  Ammonium  salts  must  be  removed  by 
ignition  before  the  precipitation.  1.  Baryta- water  is  ailded  to 
the  solution  as  long  as  it  causes  a  precipitate.  The  solution 
is  then  boiled,  filtered,  and  the  magnesium  hydroxide  washed 
with  hot  water.  To  bring  it  into  a  state  suitable  for  weigliing, 
it  is  dissolved  in  hydrochloric  acid,  the  excess  of  barium  pre- 
cipitated with  sulphuric  acid,  and,  after  filtration,  the  mag- 
nesium with  sodium  phosphate  (§  118).  2.  Lime-milk  can 
be  substituted  for  baryta -water.  The  magnesium  hydroxide 
having  been  washed  and  dissolved  in  hydrochloric  acid, 
ammonium  oxalate  and  ammonia  are  added  to  free  the  solu- 
tion from  calcium,  the  precipitate  washed,  and  the  magnesium 
thrown  down  as  phosphate.  3.  If  mercuric  oxide  is  to  be 
employed,  both  the  alkalies  and  magnesium  must  be  in  the 
form  of  chlorides,  and  ammonium  salts  must  first  be  removed  by 
ignition.  The  residue  is  dissolved  in  water,  hydrochloric  acid 
added,  and  the  solution  digested  with  moist  mercuric  oxide. 
The  operation  is  performed  in  a  porcelain  cnicible,  which  is 
heated  on  the  water-bath  for  an  hour  or  two,  the  mixture 
being  frequently  stirred  in  the  meantime.  The  solution  is 
evaporated  to  dryness  under  a  hood,  and  the  residue  ignited  in 
a  covered  crucible  until  the  mercuric  salts  have  completely 
volatilised.  The  alkali  salts  are  then  extracted  by  water,  and 
the  insoluble  magnesium  oxide  washed,  ignited,  and  weighed. 
The  most  accurate  of  these  three  methods  is  that  with  mer- 
curic oxide.     In  all  of  them  a  trace  of  magnesium  oxide  goes 


i  120  SEPARATION  OF  MAGNESIUM  815 

into  solution  (it  is  sparingly  soluble),  but  its  quantity  can 
always  be  determined  after  the  weighing  of  the  alkali  sul- 
phates. For  this  purpose  the  latter  are  dissolved  in  a  small 
amount  of  water,  filtered,  and  the  residual  magnesium  oxide 
ignited  and  weighed. 

(b)  Separation  as  ammonium  magnesium  carbonic, — The 
neutral  solution  is  precipitated  with  ammonia  and  ammxmium 
carbonate  and  set  aside  for  twenty-four  hours.  The  precipitate 
of  ammonium  magnesium  carbonate  must  be  washed  with 
water  containing  ammonia  and  ammonium  carbonate.  It  is 
then  ignited  and  weighed  as  magnesium  oxide.  If  potassium 
was  present,  the  oxide  obtained  must  be  washed  with  water 
(potassium  carbonate,  which  is  carried  down  as  a  double 
salt,  is  thus  extracted)  and  its  ignition  repeated. 

(c)  Separatio7i  as  ammonium  nfiagnesium  phosphate  is  the 
most  exact  method  of  isolating  magnesium  from  the  alkalies. 
Ammonium  chloride  is  added  to  the  ammoniacal  solution,  and 
the  latter  then  precipitated  by  ammonium  phosphate.  The 
ammonium  magnesium  phosphate  obtained  is  filtered,  ignited, 
and  the  residue  weighed.  The  ammonia  is  removed  from  the 
filtrate  by  evaporation,  and  lead  acetate  then  added  to  get  rid 
of  the  excess  of  ammonium  phosphate  used.  After  the  excess 
of  lead  has  in  turn  been  precipitated  by  hydrogen  sulphide  or 
ammonia  and  ammonium  carbonate  (for  conditions,  see  Lead), 
the  solution  contains  only  the  alkalies  and  the  excess  of 
ammonium  salts,  and  the  former  are  determined  as  usual 
(§  116).  The  excess  of  phosphoric  acid  may  be  advantage- 
ously removed  by  silver  nitrate  instead  of  lead  acetate,  the 
surplus  silver  being  then  precipitated  by  hydrochloric  acid. 
The  alkalies  are  thus  obtained  in  the  solution  as  chlorides, 
and  weighed  as  such. 

GEOUP  III 

ALUMmnJM,  GHBOMIUM,  IRON 

§  121.  I.  Determination.  —  Aluminium,  chromium,  and 
iron  are  usually  determined  as  oxides,  the  latter  being  pre- 
cipitated with  ammonia.  The  alkalies  cannot  be  employed  as 
pretipitants,  as  it  is  impossible  to  wash  the  hydroxides  free 
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from  the  latter.  In  separations,  as  will  be  seen  later,  the 
hydroxides  of  these  metals  are  precipitated  by  ammonium  sid- 
phide  and  barium  carbonate.  Chromium  can  also  be  oxidised 
to  chromic  acid  and  weighed  as  barium  or  lead  chromate,  but 
these  two  methods  are  usually  employed  only  in  separations. 

Determination  as  oxides.  Aluminium. — The  hot  solution, 
to  which  ammonium  chloride  has  been  added,  is  precipitated 
with  a  slight  excess  of  ammonia  and  boiled  for  a  short 
time.  The  precipitate  is  first  washed  by  decantation,  and 
finally  on  the  filter,  with  hot  water.  It  must  be  dried  as 
thoroughly  as  possible  before  ignition.  The  latter  operation 
is  performed  in  a  covered  crucible,  cautiously  at  first  and 
subsequently  with  a  stronger  flame.  A  high  temperature  is 
necessary  to  drive  off  the  last  traces  of  water.  If  solutions 
containing  aluminium  in  presence  of  sulphuric  acid  be  pre- 
cipitated, a  portion  of  the  acid  is  carried  down  with  the 
hydroxide,  and  must  be  removed  by  ignition  before  the  blow- 
pipe. The  fact  must  be  especially  held  in  mind  that  the 
presence  of  organic  substances  impedes  a  correct  determina- 
tion of  aluminium.  The  organic  acids,  sugar,  etc.,  may  be 
destroyed  by  evaporation  to  dryness  and  fusion  of  the  residue 
with  potassium  nitrate  and  sodium  carbonate  in  a  platinum 
crucible.  The  fusion  product  is  then  extracted  witli  water 
and  hydrochloric  acid,  the  solution  filtered,  and  the  filtrate 
precipitated  by  ammonia.  Pieces  of  filter  paper  are  destroyed 
by  chlorine ;  the  solution  is  acidified  with  hydrochloric  acid, 
heated,  and  a  few  pieces  of  potassium  chlorate  added. 
When  the  oxidation  is  complete,  the  solution  is  boiled  (to 
remove  the  excess  of  chlorine)  and  then  precipitated  by 
ammonia. 

Chromium  is  also  estimated  by  precipitation  with  am- 
monia. The  reaction  is  brought  about  in  a  porcelain  or 
platinum  dish  on  the  water-bath,  and  the  heat  kept  up  until 
the  solution  has  entirely  lost  its  colour.  The  precipitate  is 
washed  and  ignited  in  the  same  manner  as  aluminium 
hydroxide. 

To  determine  Iron,  the  solution  is  precipitated  with  an 
excess  of  ammonia,  heated  nearly  to  its  boiling-point,  and 
filtered  directly.  If  the  solution  contained  ammonium  chloride, 
as  is  almost  invariably  the  case,  the  pi'ecipitate  must  be  very 
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thoroughly  washed.  When  ferric  oxide  is  ignited  in  presence 
of  ammonium  chloride,  ferric  chloride  forms,  and  as  this  salt 
is  volatile  it  may  result  in  a  loss  of  substance. 

Estimation  of  chromium  in  chromic  acid  and  chromates. — 
Chromium  in  chromic  acid  is  determined  either  (1)  by  pre- 
cipitation as  a  suitable  chromate,  or  (2)  by  reduction  of  the 
acid  to  chromic  oxide.  1.  The  neutral  solution  of  a  chromate 
(or  if  acid,  after  neutralisation ;  preferably  after  the  addition 
of  sodium  acetate)  is  precipitated  by  barium  nitrate.  The 
barium  chromate  obtained  is  then  dried  and  very  cautiously 
ignited.  Mercurous  nitrate  is  a  still  better  precipitant,  the 
solution  having  been  neutralised  with  nitric  acid,  if  necessary, 
before  the  addition  of  the  reagent.  The  precipitate  is  washed 
with  a  dilute  solution  of  mercurous  nitrate  and  ignited,  the 
ignition  yielding  chromic  oxide,  which  is  then  weighed.  2. 
The  chromate  solution  is  treated  with  hydrochloric  acid  and 
alcohol  and  boiled ;  the  boiling  must  be  continued,  after  the 
reduction  has  ceased,  until  all  the  alcohol  is  removed,  and 
chromic  hydroxide  is  then  precipitated  with  ammonia  as  above. 

§  122.  II.  Separations.  A.  The  metals  of  Group  III.  Div, 
1. — (a)  Chromium  from  iron  and  aluminium.  When  these 
three  metals  are  present  together  the  first  operation  is  to 
separate  the  chromium,  by  its  oxidation  to  chromic  acid  with 
sodium  carbonate  and  potassium  nitrate  (1  part  KNOg,  3 
parts  1^B,^0^,  Eight  parts  of  the  mixture  are  taken  for 
every  one  of  chromic  oxide  present,  and  the  whole  ignited  in 
a  crucible  (one  of  platinum  can  be  used)  until  the  greater 
portion  of  the  potassium  nitrate  is  decomposed,  and  the  mass 
has  ceased  to  effervesce,  and  is  in  a  state  of  quiet  fusion.  The 
product  is  then  extracted  with  boiling  water.  The  alkali 
chromates  go  into  solution,  and  ferric  oxide  is  left  as  a  residue. 
K  aluminium  is  to  be  separated  by  this  method,  it  must  be 
observed  that  a  large  quantity  of  its  oxide  will  be  foimd  in 
the  solution  as  an  aluminate.  To  recover  it,  the  fused  mass  is 
washed  into  a  porcelain  dish  with  hot  water,  potassium 
chlorate  added,  and  the  solution  neutralised  by  hydrochloric 
acid,  an  excess  of  the  latter  being  avoided.  It  is  then 
evaporated  to  the  consistency  of  syrup,  potassium  chlorate 
being  added  from  time  to  time  during  the  operation,  until  all 
the    hydrochloric   acid   has   been    decomposed.      Aluminium 


318  ANALYTICAL  CHEMISTRY  group  hi 

hydroxide  is  then  precipitated  by  ammonia  or  ammonium  car- 
bonate, and  filtered ;  the  chromic  acid  is  found  in  the  filtrate. 

The  conversion  of  chromic  oxide  to  chromic  acid  is  also  em- 
ployed in  the  separation  of  chromium  from  the  metals  of  both 
the  second  and*  third  divisions  of  Group  III.,  but  in  this  case 
involves  certain  extra  conditions.  The  oxides  of  all  the  metals 
except  chromium  are  left  as  a  residue,  and  the  solution  contains 
only  the  alkali  chromates.  In  the  sepjuration  from  manganese 
the  fusion  products,  after  treatment  with  hot  water,  are  heated 
for  some  time  with  alcohol,  which  decomposes  the  manganate 
formed,  and  precipitates  it  as  manganese  dioxide.  This  method 
cannot  be  directly  employed  in  the  analysis  of  chrome-iron 
ore.  The  mineral  is  first  fused  with  borax  or  acid  potassium 
sulphate,  and  finally  with  potassium  nitrate  and  sodium  car- 
bonate. I^otassium  chlorate  is  to  be  preferred  to  the  nitrate 
as  the  oxidising  agent,  although  the  operation  demands  greater 
caution.  It  is  performed  in  the  same  manner.  The  separa- 
tion of  chromium  can  also  be  effected  by  oxidation  of  its 
solution.  Wohler  proposes  to  separate  it  from  aluminium  by 
treating  the  solution  of  the  two  oxides  in  caustic  potash  with 
chlorine,  decomposing  the  hypochlorate  formed  by  heating 
with  hydrochloric  acid,  and  precipitating  aluminium  hydroxide 
with  ammonia.  In  certain  instances  it  becomes  convenient  to 
effect  the  oxidation  by  means  of  potassium  chlorate  and  nitric 
acid.  The  substance  (chromic  oxide,  chrome -iron  ore)  is 
mixed  with  a  small  quantity  of  potassium  chlorate,  and  heated 
in  a  porcelain  casserole  on  the  water -bath  with  50  c.c.  of 
nitric  acid  (sp.  gr.  1'37).  The  casserole  should  be  covered  by 
a  glass  fimnel.  The  addition  of  a  second  quantity  of  potas- 
sium chlorate  may  be  necessary.  A  still  simpler  method  of 
oxidising  chromic  oxide  to  the  acid  is  to  neutralise  the  acid 
solution,  add  an  excess  of  sodium  acetate  and  bromine,  and 
warm  the  mixture.  The  neutrality  of  the  solution  must  be 
maintained  by  the  occasional  addition  of  sodium  carbonate. 
Ferric  and  aluminium  hydroxides  are  precipitated,  and  the 
chromate  is  obtained  in  solution  (Gibbs). 

(6)  Separatwii  of  iron  from  aluminium, — The  separation  of 
these  two  metals  involves  great  difficulties.  The  gravimetric 
methods  are  almost  all  circuitous,  and  give  no  trustworthy 
results.       The   most    accurate   method   consists   in   the   volu- 
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metric  estimation  of  the  iron,  after  the  combined  weight  of 
the  two  oxides  has  been  ascertained.  Aluminium  is  then 
found  from  the  difference. 

1.  Separation  with  potassium  hydroxide. — The  neutralised 
solution  of  aluminium  and  ferric  chlorides  is  added  to  the 
boiling  caustic  potash  solution  in  a  silver  dish,  the  operation 
being  accompanied  by  continual  stirring.  Ferric  hydroxide  is 
precipitated.  It  is  determined  after  being  dissolved  in 
hydrochloric  acid  and  again  thrown  down  by  ammonia.  The 
aluminium  is  precipitated  from  the  alkaline  solution,  the 
organic  substances  having  first  been  decomposed.  This 
method  may  be  modified  as  follows.  The  ferric  salt  is  partly 
reduced  by  sulphurous  acid,  and  the  solution  boiled  with 
caustic  potash,  whereupon  the  iron  separates  as  the  black, 
m^netic,  ferro- ferric  oxide.  To  separate  aluminium  from 
nickel  and  cobalt,  the  oxides  are  fused  with  potassium  oxide 
in  a  silver  crucible. 

2.  Separation  with  sodium  thiosulphate, — The  hydrochloric 
acid  solution  of  iron  and  aluminium  is  neutralised  with 
sodium  carbonate,  and  then  diluted  with  water  until  five 
hundred  parts  of  the  solution  contain  only  one  part  of  the 
oxides.  The  cold  solution  is  treated  with  an  excess  of  sodium 
thiosulphate  and  boiled,  until  the  sulphurous  acid  has  entirely 
escaped.  The  precipitate  of  aluminium  hydroxide  and  sulphur 
is  easily  washed.  The  sulphur  is  removed  by  ignition,  after 
the  precipitate  has  been  dried.  The  filtrate  must  next  be 
concentrated  by  evaporation,  and  again  treated  with  sodium 
thiosulphate,  to  ascertain  whether  all  the  aluminium  has  been 
removed.  The  method  (Chancel)  does  not  ensure  the  complete 
precipitation  of  the  aluminium,  and  the  necessary  conditions 
have  not  yet  been  thoroughly  studied.  If  the  separation  was 
not  complete  on  the  first  precipitation,  the  analysis  may  be 
considered  worthless,  for  in  this  case  the  aluminium  cannot 
all  be  obtained  by  the  second  or  even  the  third  addition  of 
sodium  thiosulphate.  The  iron  is  determined  by  precipitation 
from  the  acidified  solution  with  ammonia. 

B.  Separation  of  the  mstals  of  Division  1  from  those  of 
Divisions  2  and  3  (manganese,  zinc,  nickel,  and  cobalt). — Only 
the  methods  which  are  based  upon  characteristic  compounds 
of  Division  1  will  be  considered. 
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Gtneral  rruthods.  (For  the  use  of  general  and  special 
methods,  see  §  119.)  1.  The  action  of  barium  carbonate. — 
The  reaction  is  brought  about  under  the  conditions  explained 
in  §  28.  If  nickel  is  to  be  separated,  the  solution  must  con- 
tain ammonium  chloride.  Cobalt  cannot  be  accurately  separ- 
ated by  this  method. 

2.  JFith  tartaric  acid  and  ammonium  sulphide, — ^Tartaric 
acid  is  added  to  the  solution,  and  the  latter  then  precipitated 
by  ammonium  sulphide.  The  conditions  are  discussed  in  the 
separations  of  the  following  DiA-ision.  Operations  with 
ammonium  sulphide  are  so  disagreeable,  however,  that  this 
metho^l  is  seldom  employed. 

Special  methods. — Chromium  is  separated,  as  explained  in 
§  122,  by  its  oxidation  to  chromic  acid.  Iron  and  aluminium 
are  isolated  as  their  basic  acetates,  formates,  or  succinates. 
The  solution  is  neutralised,  if  acid,  with  sodium  carbonate 
until  it  becomes  turbid.  It  is  then  treated  with  sodium 
acetate  in  fair  but  not  too  great  an  excess,  and  the  red  liquid 
which  results  is  boiled  for  a  few  minutes  until  the  precipitate 
has  thoroughly  coagulated.  The  latter  is  washed,  first  by  de- 
cantation,  finally  on  the  filter,  with  hot  water  which  contains 
a  small  quantity  of  ammonium  acetate.  On  ignition  of  the 
precipitate  aluminiimi  oxide  and  ferric  oxide  are  left.  The 
metals  of  Divisions  2  and  3  remain  in  the  filtrate  (precau- 
tions, §  124).  The  basic  formates  are  in  all  respects  analogous 
to  the  acetates,  and  are  to  be  preferred,  as  they  can  be  much 
more  easily  washed.  If  the  succinates  are  employed,  the 
solution  must  be  neutralised  with  ammonia,  the  precipitate 
which  forms  being  redissolved  by  heat.  As  soon  as  the 
latter  has  become  permanent,  and  the  liquid  has  a  deep  red- 
brown  colour,  a  solution  of  ammonium  succinate  is  added, 
and  the  mixture  allowed  to  cool.  The  precipitate  is  then 
filtered  and  washed,  with  cold  water  at  first,  and  subsequently 
with  warm  ammonia  to  remove  the  succinic  acid.  Ferric 
oxide  and  aluminiimi  oxide  are  obtained  on  ignition  of  the  pre- 
cipitate. Aluminium,  if  alone,  can  also  be  separated  by  means 
of  potassiimi  hydroxide  (see  above  A). 

C.  Separation  of  the  metals  of  Division  1  fromi  those  of 
Group  IL — Since  chromium  can  be  separated  by  oxidation  to 
chromic  acid  (§   122  a),  and  barium  and  strontium  as  their 
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sulphates  (§  118),  the  question  becomes  limited  to  the  separa- 
tion of  aluminium  and  iron  from  magnesium  and  calcium. 
The  general  methods  employed  for  this  purpose  are:  the 
action  of  barium  carbonate  (§  28  a);  precipitation  with 
ammonia  (§  121  a);  with  ammonium  sulphide;  or  as  suc- 
cinates (§  122  c).  All  of  these  methods  have  already  been 
described.     The  following  are  to  be  particularly  recommended. 

1.  Separation  with  tartaric  add  and  ammonia, — Tartaric 
or  citric  acid  is  added  to  the  solution,  and  the  latter  diluted 
and  saturated  with  ammonia.  Calcium  oxalate  is  then  pre- 
cipitated by  ammonium  oxalate,  filtered,  washed,  and  the 
magnesium  thrown  down  from  the  filtrate  as  ammonium  mag- 
nesium phosphate.  To  determine  the  magnesium  the  latter 
precipitate  must  be  redissolved  in  hydrochloric  acid  and  again 
precipitated  by  neutralisation  with  ammonia  (§  120).  The 
filtrate,  containing  the  iron  and  aluminium  salts  (in  absence  of 
magnesium),  is  evaporated  to  dryness,  and,  after  the  addition 
of  sodium  carbonate  and  potassium  nitrate,  the  residue  is  ignited. 
It  is  then  dissolved  in  hydrochloric  acid,  and  aluminium  and 
iron  precipitated  as  hydroxides  by  ammonia. 

2.  TIic  stability  of  the  nitrates  of  magnesium  and  ccdcium, 
and  the  instability  of  the  corresponding  alimiinium  and  ferric 
salts,  affords  a  very  accurate  method  of  separation  (Deville). 
The  solution  of  the  nitrates  is  evaporated  to  dryness  and  the 
residue  heated  to  250°  C.  in  an  air-bath.  The  heat  is  main- 
tained until  no  fumes  of  ammonium  nitrate  are  formed  about 
a  rod  moistened  with  ammonia  and  held  over  the  dish.  Mag- 
nesium nitrate  also  loses  a  small  portion  of  its  nitric  acid,  and 
the  residue  is  therefore  heated  again,  this  time  with  ammonium 
nitrate,  to  reconvert  the  magnesium  into  its  neutral  nitrate.  On 
extraction  with  water,  magnesium  and  calcium  nitrates  go  into 
solution,  while  ferric  and  aluminium  oxides  are  left  undissolved. 

D.  Separation  of  the  vietals  of  Group  IIL,  Division  l,from 
the  alkali  metais. — This  can  be  eflfected  either  by  precipitation 
with  ammonia  (§121  a),  or  by  heating  the  nitrates  to  250"* 
C.  Ammonium  salts  are  driven  off  by  ignition  (§116).  In 
estimating  ammonia  from  the  difference,  however,  chlorides 
must  be  absent  (as  aluminium  chloride,  which  is  volatile,  may 
otherwise  form).  Ammonia  can  also  be  determined  in  a 
separate  portion  (§  116). 
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MANaANESE,  ZmO,  AND  FEBBOUS  IKON 

In  gravimetric  analysis  the  ferrous  compounds  are  converted 
to  the  ferric  state  (for  the  estimation  of  iron  as  its  oxide,  see 
§  121  a).  We  shall  therefore  consider  only  the  determination 
of  iron  as  ferrous  sulphide  and  the  separation  of  ferrous  from 
ferric  compounds. 

§  123.  I.  DeterminatioxL — Zinc  and  manganese  are  weighed 
almost  invariably  as  zinc  oxide  and  inangano-manganic  oxide 
respectively,  the  latter  being  obtained  from  manganous  car- 
bonate, or,  as  will  be  explained  in  the  paragraph  on  the  separa- 
tions, from  one  of  the  higher  oxides.  In  separations,  and  in 
general  when  the  sulphides  are  employed,  the  determinations 
are  made  as  the  anhydrous  sulphides.  Both  methods  are 
accurate. 

Determination  as  oxides. — Organic  acids  and  ammonium 
salts  hinder  complete  precipitation.  If  the  latter  are  present 
they  may  be  removed  l)y  boiling  the  solution  with  sodium 
carbonate.  The  boiling,  very  slightly  acid  solution  is  pre- 
cipitated by  sodium  carbonate,  the  reagent  being  added  drop 
by  drop.  Tlie  vessel  in  which  the  precipitation  is  performed 
(preferably  a  large  platinum  dish)  must  be  covered  with  a 
watch-glass.  As  soon  as  the  reaction  is  complete,  the  solution 
is  boiled  for  a  few  minutes,  decanted  through  a  filter,  and  the 
precipitate  again  treated  with  boiling  water  and  decanted. 
This  operation  is  repeated  several  times,  and  the  washing 
finally  completed  on  the  filter.  A  few  drops  of  ammonium 
sulphide  should  be  added  to  the  filtrate,  to  ascertain  whether 
the  precipitation  was  thorough.  The  carbonate  obtained  is 
ignited,  the  filter  paper  being  burned  alone.  The  further 
processes  of  the  method  vary  for  the  two  metals.  In  the 
determination  of  manganese  the  precipitation  is  incomplete, 
and  the  filtrate  must  therefore  be  evaporated  to  dryness, 
extracted  with  water,  and  the  slight  quantity  of  manga  no- 
manganic  oxide  which  remains  collected  on  a  small  filter.  The 
two  precipiUites  are  ignited  together  at  as  strong  a  heat  as 
possible  and  under  complete  exposure  to  the  air,  and  the 
ignition  continued  until  two  consecutive  weighihgs  give  the 
same    results.     Mangano  -  manganic    oxide,    MUj^O^,    is    thus 
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obtained.  It  must  then  be  repeatedly  extracted  with  water 
(as  it  probably  contains  alkali  salts),  transferred  to  a  small  filter, 
the  latter  burned,  and  the  residue  ignited  and  weighed.  On 
ignition  of  zinc  carbonate  anhydrous  zinc  oxide  (which  is  yellow 
while  hot)  is  formed.  The  filter  is  moistened  with  a  concen- 
trated solution  of  ammonium  nitrate,  dried,  and  burned.  The 
above  method  of  determining  manganese  may  be  modified  as 
follows.  The  neutral  or  slightly  acid  solution  of  manganous 
chloride  is  precipitated  by  a  slight  excess  of  ammonium  car- 
bonate in  presence  of  a  large  quantity  of  ammonium  chloride, 
and  allowed  to  stand  for  twelve  hours  in  a  warm  spot.  The 
precipitate  is  then  brought  upon  a  double  filter,  washed,  and 
ignited.     The  method  is  accurate,  but  not  always  applicable. 

JEstimation  as  anhydrous  sulphides, — This  method  may  also 
be  employed  for  the  determination  of  iron.  Precipitation  with 
ammoniuvi  sulphide:  The  solution,  neutralised  by  ammonia,  if 
acid,  is  precipitated  by  yellow  ammonium  sulphide  in  presence 
of  ammonium  chloride  (an  excess  of  ammonia  or  ammonium 
chloride,  and  also  of  organic  acids,  such  as  tartaric  and  oxalic, 
is  to  be  avoided).  The  operation  is  performed  in  a  flask  which, 
after  the  precipitation,  is  completely  filled  with  water,  closed  by 
a  cork,  and  set  aside  for  twenty-four  hours.  During  the  filtra- 
tion and  washing  (with  ammonium  sulphide  water)  the  pre- 
cipitate must  be  exposed  to  the  air  as  little  as  possible,  and 
while  on  the  filter  must  be  continually  covered  by  water. 
The  funnel  should  be  covered  by  a  glass  plate.  (If  this  method 
is  to  be  supplemented  by  the  first,  the  moist  sulphides  are 
placed  in  a  beaker  together  with  the  filter,  dissolved  in  dilute 
hydrochloric  acid,  and  precipitated  with  sodium  carbonate.) 
According  to  Eibau,  zinc  sulphide  can  also  be  precipitated  by 
hydrogen  sulphide,  if  the  gas  be  led  into  the  slightly  acid 
zinc  solution  after  the  addition  of  some  sodium  thiosulphate. 
Determination  as  anhydrmis  sulphides  (Rose's  method) :  For  this 
purpose  a  porcelain  crucible  is  employed,  the  cover  of  which 
has  an  opening  fitted  with  a  porcelain  tube  for  the  introduction 
of  a  current  of  dry  hydrogen.  The  dried  hydrated  sulphides 
are  placed  in  the  cnicible,  together  with  the  ash  of  the  filter, 
and  covered  with  a  layer  of  powdered  sulphur.  Hydrogen  is 
then  led  into  the  crucible,  and  the  latter  ignited,  at  first  gently, 
but  subsequently  with  a  strong  flame.     The  crucible  is  cdlowed 
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to  cool  in  the  stream  of  hydrogen,  weighed,  and  again  ignited 
as  before,  until  the  weight  remains  constant.  Instead  of  the 
hydrated  sulphides,  the  oxides  or  carbonates  of  manganese  and 
zinc  can  also  be  converted  to  the  anhydrous  sulphides,  the 
treatment  being  the  same  as  in  the  foregoing  case.  The 
ignition  with  sulphur  must  be  repeated  until  a  constant  weight 
is  obtained.  The  sulphides  have  the  formulae,  MnS,  ZnS, 
and  FeS.  The  sulphur  employed  should  be  tested  to  see 
whether  it  leaves  a  residue  on  combustion. 

DetermincUion  of  manganese  and  zinc  hy  electrolysis, — 
Manganese  is  precipitated  from  the  solution  of  its  sulphate  as 
the  peroxide,  which  collects  at  the  positive  electrode.  The 
solution  is  contained  in  a  platinum  crucible  which  serves  as 
the  positive  pole,  and  for  the  negative  a  platinum  spiral  is 
suspended  in  the  liquid.  The  solution  is  then  warmed  to  60**- 
70**  C,  and  an  electric  current  (from  1-2  Bunsen's  couples) 
allowed  to  pass  through  it.  When  the  precipitation  is  complete, 
the  solution  is  poured  off,  and  the  residual  manganese  dioxide 
washed,  ignited,  and  weighed  as  mangano-manganic  oxide.  To 
determine  zinc,  a  solution  of  the  double  cyanide  of  zinc  and 
potassium  is  subjected  to  the  current  produced  by  four  Bunsen's 
couples.  The  zinc  deposits  upon  a  small  platinum  cone  which 
is  employed  as  the  negative  pole.  When  the  reaction  is  finished, 
the  electrode  is  taken  from  the  liquid,  rinsed  with  water, 
alcohol,  and,  finally,  ether,  and  placed  in  an  exsiccator  to  dry. 
After  being  weighed,  the  zinc  is  dissolved  in  hydrochloric  acid 
and  the  cone  weighed  again  (see  Examples  of  Gravimetric 
Analysis). 

§  124.  II.  Separations,  (a)  Metals  of  Chroup  III.,  Division 
2.  Manganese  from  zinc, — For  the  separation  of  manganese 
from  zinc,  either  the  insolubility  of  zinc  sulphide  in  acetic  acid 
or  the  property  which  manganese  possesses  of  forming  higher 
oxides  (zinc  has  only  one  degree  of  oxidation)  may  be  em- 
ployed. The  first  method  is  much  simpler  than  the  second, 
and  very  accurate.  By  means  of  zinc  sulphide:  The  solu- 
tion, in  which  the  metals  should  be  present  as  acetates  if 
possible  (the  acetates  are  obtained  in  analysis  by  the  double 
decomposition  of  the  sulphates  with  barium  acetate)  is  pre- 
cipitated by  hydrogen  sulphide  in  presence  of  free  acetic  acid. 
The  zinc  is  then  determined  as  in  §  123.    Manganese  is  deter- 
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mined  in  the  filtmte  according  to  §  123,  after  the  excess  of 
barium  has  been  removed  by  sulphuric  acid.  Instead  of  acetic 
acid  and  acetates,  formic  acid  and  the  formates  may  be  used, 
and  Eibau's  method  (§  123)  is  also  applicable.  By  the  action 
of  broviine :  The  solution  is  made  slightly  alkaline  by  sodium 
carbonate,  the  precipitate  dissolved  in  acetic  acid,  sodium 
acetate  added,  and  the  liquid  treated  with  bromine  at  70**  C. 
until  it  has  attained  a  slightly  reddish  tint.  A  few  drops  of 
alcohol  are  then  added  and  the  manganese  dioxide  filtered  off. 
The  precipitate  obtained  is  not  directly  ignited,  but  dissolved 
in  hydrochloric  acid  and  the  manganese  determined  according 
to  §  123.  Zinc  is  estimated  in  the  filtrate  from  the  manganese 
dioxide,  according  to  §  123  (the  bromine  must  first  be  re- 
moved). 

Separation  of  iron  from  manganese  and  zin/^ ;  see  below,  c. 

(6)  Separation  of  ferrous  oxide  from  ferric  oxide, — The 
quantitative  separation  of  ferrous  from  ferric  oxide  cannot  be 
satisfactorily  performed  by  gravimetric  means  alone.  The  chief 
difficulty  consists  in  the  impossibility  of  preventing  the  ferrous 
salt  from  becoming  oxidised  by  the  air  during  the  operations. 
All  the  iron  in  the  solution  is  determined  by  the  usual  method 
(oxidation  and  precipitation  with  ammonia  §  121),  and  that 
which  is  in  the  ferrous  or  the  ferric  condition  is  then  found  in 
a  separate  portion  of  the  original  substance.  The  difference 
between  the  two  results  is  the  iron  present  as  the  remaining 
oxide. 

Method  of  determining  ferric  oxide, — The  solution  is  treated 
with  barium  carbonate  as  in  §  28  a.  The  precipitate  must 
be  washed  with  water  from  which  the  air  has  been  expelled 
by  boiling,  and  which  has  been  cooled  off  in  a  closed  flask.  It 
is  then  dissolved  in  hydrochloric  acid,  the  barium  removed, 
and  ferric  hydroxide  precipitated  by  ammonia,  ignited,  and 
weighed  (§121). 

The  methods  of  determining  ferrous  oxide  are  based  upon  the 
conversion  of  ferrous  to  ferric  salts.  The  volumetric  methods 
for  its  estimation  are  more  accurate  than  the  gravimetric, 
and  require  far  less  time.  If  the  double  salt,  KCl .  AuCl^,  be 
used  as  the  oxidising  agent  (auric  chloride,  AuClg,  is  not  em- 
ployed, as  it  usually  contains  AuCl),  the  gold  deposited  is 
weighed,  and  the  quantity  of  ferrous  oxide  calculated  from  the 
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results.  Bunsen  recommends  the  estimation  of  the  chlorine 
necessary  for  the  oxidation  of  the  ferrous  salt.  A  certain 
quantity  of  potassium  dichromate  is  weighed  off,  mixed  with 
the  hydrochloric  acid  solution  of  the  substance  to  be  analysed, 
and  the  amount  of  liberated  chlorine  estimated.  This  value  is 
less  than  that  which  corresponds  to  the  potassium  dichromate 
taken,  and  the  difference  equals  the  quantity  of  ferrous  oxide 
present.  To  estimate  the  ferrous  and  ferric  oxides  in  a 
compound  which  is  insoluble  in  water,  the  substance  is  fused 
with  borax,  dissolved  in  water,  and  the  determinations  made 
by  one  of  the  above  methods.  A  still  more  accurate  method 
has  recently  been  proposed,  which  involves  the  decomposition 
of  the  insoluble  substance  with  hydrofluoric  acid  and  dilute 
sulphuric  acid  in  an  atmosphere  of  carbon  dioxide.  This 
method  may  be  modified  for  the  determination  of  ferrous  iron 
in  silicates  as  follows.  The  silicate  is  mixed  with  fluor  spar 
or  cryolite  (which  must  be  free  from  iron)  and  strong  hydro- 
chloric acid  is  then  added  until  the  crucible  is  two-thirds  full. 
The  mixture  is  then  heated  on  the  water-bath,  and  the  result- 
ing solution  titrated  with  potassium  permanganate. 

(c)  Zinc  and  manganese  from  the  metals  of  Group  III., 
Division  1  (aluminium  chromium  iron). — Since  to  separate 
ferrous  compounds  we  always  convert  them  to  the  ferric  state, 
the  separation  of  iron  from  manganese  and  zinc  will  be  discussed 
in  connection  with  that  of  Division  1.  Ferrous  iron  is  usually 
oxidised  by  heating  with  hydrochloric  acid  and  adding  a  few 
pieces  of  potassium  chlorate,  KClOg,  to  the  hot  solution,  until 
the  latter  retains  the  odour  of  chlorine  even  after  being  heated 
for  some  time.  The  ferrous  solution  may  also  be  saturated 
with  chlorine  (when  in  small  quantities,  by  bromine-water  or 
chlorine-water).  If  the  presence  of  chlorine  would  be  trouble- 
some in  the  subsequent  treatment  of  the  solution,  it  can  be 
removed  by  boiling.  If  nitric  acid  be  employed  as  the  oxidis- 
ing agent,  the  ferrous  solution  is  boiled  with  a  small  quantity 
of  the  acid  (in  presence  of  free  hydrochloric)  until  it  assumes 
a  yellowish -brown  colour.  Other  methods  of  oxidation  (as 
with  manganese  dioxide,  comp.  Tin)  are  rarely  used. 

We  now  pass  to  the  various  methods  of  separating  the 
metals  of  Division  1  from  manganese  and  zinc.  The  general 
method  is   based  upon   the  reaction   with  barium  carbonate ; 
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conditions,  §  28  a.  Tlie  special  methods  are,  as  usual,  more 
exact.  Chromium  is  separated  through  its  oxidation  to 
chromic  acid  (§  122  a);  iron  and  aluminium,  as  basic  acetates, 
formates,  or  succinates  (§  122).  The  filtrate  is  evaporated, 
the  ammonium  salts  removed,  and  the  residual  zinc  and 
manganese  then  determined.  Ferrous  iron  must  be  oxidised 
before  these  methods  can  be  employed,  the  oxidation  being 
effected  most  advantageously  with  chlorine.  Nitric  acid  is 
not  applicable,  as,  unless  it  be  removed  by  boiling  with  hydro- 
chloric acid,  detonation  may  occur  during  the  removal  of  the 
ammonium  salts  (due  to  the  action  of  the  nitrates  upon  the 
acetates).  The  foregoing  methods  may  be  recommended.  Less 
accuracy  is  attained  when  zinc  is  separated  by  precipitation 
as  zinc  sulphide  from  its  acetate  in  presence  of  acetic  acid, 
or  when  manganese  is  thrown  down  through  the  action  of 
chlorine  or  bromine.  Both  of  these  methods  are  explained  in 
§  124  a.  Beilstein  suggests  that  manganese  be  separated 
from  iron  as  follows.  The  solution  is  neutralised,  treated  with 
a  concentrated  solution  of  potassium  cyanide  (in  the  cold), 
and  iodine  is  then  added  until  the  solution  becomes  brown. 
The  manganese  is  thus  deposited  as  its  dioxide  : 

KgMnCy^  +  101  +  2H2O  =  MnOg  +  4HI 4-  2KI  +  4CyI. 

Another  method  consists  in  dissolving  the  manganese  and 
iron  compounds  in  nitric  acid  and  treating  the  boiling  solution 
with  potassium  chlorate.  This  precipitates  the  manganese  as 
its  dioxide,  which  may  be  determined  volumetrically  (by 
Bunsen's  method;  see  Section  II.  Halogens).  Volhard  treats 
the  solution  with  zinc  oxide,  which  throws  down  the  iron,  the 
manganese  being  determined  volumetrically  as  above. 

(d)  Zinc  and  manganese  from  Groups  L  and  IL  General 
methods. — The  manganese  and  zinc  are  precipitated  as  their 
sulphides  by  ammonium  sulphide,  under  the  conditions  given 
in  §  123.  Special  methods:  Barium,  strontium,  and  calcium 
are  separated  by  precipitation  with  sulphuric  acid  (strontium 
and  calcium  from  the  solution  of  the  chlorides  in  presence  ti 
alcohol),  according  to  §  118.  Magnesium  and  the  alkali  metals 
are  separated  from  manganese  by  DeviUe's  method  of  heating 
their  nitrates  to  2  5  0**  C.  (§  1 2  2  C),  or  by  oxidising  the  manganese 
with  chlorine  (§124  a).     The  separation  of  zinc  from  these 
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metals  is  effected  by  its  precipitation  as  zinc  sulphide 
(§124  a).  If  the  metals  of  Group  II.  are  absent,  and  man- 
ganese and  zinc  alone  are  to  be  determined  (the  alkalies 
neglected),  direct  precipitation  with  an  alkali  carbonate  may 
be  employed  (§  123).  Ammonium  is  estimated  in  a  separate 
portion  of  the  substance,  according  to  §  116. 

NIOEEL  AND  COBALT 

§  126.  I.  Determination. — In  the  quantitative  estimation 
of  nickel  and  cobalt  it  must  be  remembered  that  non-volatile 
organic  acids  prevent  complete  precipitation.  They  cannot  be 
determined  as  their  anhydrous  sulphides,  since  these  com- 
pounds are  irregular  in  their  composition.  Nickel  may  be 
very  advantageously  determined  by  electrolysis. 

Nickel. — Nickel  is  almost  invariably  weighed  as  its  mon- 
oxide, NiO.  The  solution  is  precipitated  by  an  excess  of 
potassium  hydroxide  (or  by  a  dilute  solution  of  sodium  car- 
bonate), and  heated  to  boiling.  The  precipitate  is  first  washed 
three  or  four  times  by  decantation,  being  boiled  up  at  each 
washing.  A  platinum  dish  is  to  be  preferred  for  the  precipi- 
tation. The  nickelous  hydroxide  obtained  is  dried  and  ignited. 
It  frequently  happens  in  separations  that  nickel  must  be  pre- 
cipitated as  the  sulphide.  This  is  accomplished  with  ammonium 
sulphide,  under  the  conditions  in  §  123.  The  reagent  must 
l)e  completely  saturated  with  hydrogen  sulphide,  and  the  pre- 
cipitation performed  in  presence  of  a  large  excess  of  ammonium 
chloride.  The  precipitate  is  collected  (the  precautions  men- 
tioned in  §  123  must  be  observed),  dried,  ignited,  and  dissolved 
in  aq%ia  regia,  in  a  beaker.  The  ash  of  the  filter  must  be 
added  to  the  solution.  The  solution  is  then  precipitated  with 
potassium  hydroxide,  and  the  nickel  determined  as  nickelous 
oxide. 

The  determination  of  nickel  hy  electrolysis  is  similar  to  that 
of  zinc  (§  123).  An  ammoniacal  solution  of  the  nitrate  is 
employed,  and  the  weighing  of  the  nickel  deposited  is  per- 
formed exactly  like  that  of  the  zinc.  The  details  of  the 
analysis  are  given  among  the  examples  of  gravimetric  analysis. 

The  estimation  of  cobalt  is  performed  in  a  different  manner 
from  that  of  nickel. 
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1.  The  determination  as  metallic  cobalt  is  the  most  accurate 
method.  The  compound  is  reduced  in  a  stream  of  hydrogen. 
Alkalies  and  difficultly  volatile  acids,  such  as  sulphuric,  must 
be  absent.  If  the  cobalt  is  in  the  form  of  nitrate  or  cliloride, 
its  solution  is  evaporated  to  dryness  in  a  platinum  or  porcelain 
crucible,  into  the  cover  of  which  is  fitted  a  tube  for  the  intro- 
duction of  the  hydrogen  stream  (Eose's  crucible,  §  123).  A 
very  gentle  heat  is  at  first  applied,  but  must  subsequently  be 
increased,  to  render  the  metallic  cobalt  non-pyrophoric.  The 
reduction  may  be  assumed  to  be  complete  when  the  weight  has 
remained  unchanged  after  two  consecutive  weighings.  In 
presence  of  alkalies  the  following  operations  are  necessary. 
The  cobalt  solution  is  heated  nearly  to  boiling  in  a  platinum 
dish,  potassium  hydroxide  added  in  slight  excess,  and  the  heat 
continued  until  the  precipitate  is  dark-brown  or  almost  black. 
It  is  washed,  first  by  decantation  and  finally  on  the  filter, 
with  boiling  water.  The  dried  precipitate  is  then  reduced  with 
hydrogen  as  above. 

2.  As  sulphate, — It  is  often  necessary  to  precipitate  cobalt 
as  the  sulphide  before  its  determination,  the  precipitation 
being  effected  in  exactly  the  same  manner  as  that  of  nickel 
sulphide.  In  such  cases  it  is  most  convenient  to  weigh 
the  cobalt  as  its  sulphate.  The  solution  of  the  sulphide  in 
aqua  regia,  prepared  like  that  of  the  nickel  salt,  is  evaporated 
with  an  excess  of  sulphuric  acid  until  the  hydrochloric  and 
nitric  acids  are  entirely  removed.  The  solution  is  then  poured 
into  a  platinum  crucible,  evaporated  to  dryness,  and  very 
cautiously  ignited  until  sulphuric  acid  fumes  cease  to  escape. 
The  flame  must  be  held  against  the  upper  half  of  the  crucible. 
The  cobalt  sulphate  which  remains  is  then  weighed.  A  second 
weighing  is  necessary  to  assure  the  complete  removal  of  the 
sulphuric  acid.  The  cobalt  in  salts  of  volatile  acids  can  also 
be  determined  as  the  sulphate. 

3.  By  precipitation  as  potassium  cobalt  nitrite, — This  method 
is  accurate,  and  generally  applicable.  The  cobalt  solution 
should  not  be  too  dilute  (300  parts  water  to  1  of  the  cobalt 
salt),  and,  if  acid,  must  first  be  neutralised  by  potassium 
hydroxide.  The  latter  is  added  in  slight  excess,  the  resulting 
precipitate  redissolved  in  acetic  acid,  and  the  liquid  then 
mixed  with  a  concentrated  solution  of  potassium  nitrite,  which 
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has  been  slightly  acidified  with  acetic  acid.  The  beaker  is 
then  allowed  to  stand  in  a  warm  place  for  12-24  hours.  The 
precipitate  should  be  washed  at  first  with  a  solution  of 
potassium  acetate  (1  :  10).  It  is  finally  dissolved  in  hydro- 
chloric acid,  and  the  cobalt  determined  by  precipitation  with 
potassium  hydroxide,  as  in  1. 

§  126.  II.  (a)  Nickel  and  cobalt, — 1.  The  separation  of 
cobalt  from  nickel  as  potassium  cobaltic  nitrite.  The  solu- 
tion is  first  concentrated  (if  necessary)  by  evaporation,  and 
neutralised  with  potassium  hydroxide.  The  precipitation  is 
effected  as  above.  Its  completeness  can  be  ascertained  only 
by  a  confirmatory  test,  and  barium,  strontium,  and  calcium 
must  be  absent,  as  these  metals  form  insoluble  double  salts 
with  nickel  nitrite,  such  as  NiSr(N02)^.  The  nickel  may  be 
estimated  either  by  the  difference,  or  by  precipitation  from 
the  filtrate  of  the  double  nitrite  with  potassium  hydroxide. 
2.  Separation  hy  means  of  the  double  cyanides:  The  solution, 
neutralised  if  necessary,  is  stirred  with  a  concentrated  solution 
of  pure  potassium  cyanide  (or  potassium  hydroxide  and  hydro- 
cyanic acid)  until  the  precipitate  which  at  first  forms  is 
redissolved.  The  mixture  is  then  treated  with  bromine,  with 
occasional  addition  of  potassium  hydroxide.  Nickel  separates 
as  the  black  nickelic  hydroxide,  and,  after  filtration,  is  dissolved 
in  hydrochloric  acid,  and  reprecipitated  as  in  §  125.  Cobalt  is 
most  simply  determined  by  the  difference.  3.  Nickel  may  be 
very  accurately  separated  from  cobalt  by  the  use  of  nitroso-^- 
napthol  (Ilinski,  Berickte  d,  deutschen  chem.  Gesellschaft,  vol. 
xviiL,  p.  699). 

(6)  Cobalt  and  nickel  from  the  metals  of  Group  III,, 
Division  2  (manganese  and  zinc). — The  general  mWwdSy  which 
are  based  upon  the  insolubility  of  cobalt  and  nickel  sulphides 
in  dilute  hydrochloric  acid,  and  upon  the  reduction  of  cobaltous 
and  nickelous  oxides  with  hydrogen,  afford  only  an  inexact 
separation  of  these  metals  from  zinc.  The  special  methods  are 
much  more  accurate,  especially  that  of  separating  cobalt  as  its 
double  salt  with  potassium  nitrite.  The  method  has  been 
described  in  a,  and  serves  for  the  separation  of  cobalt  from 
nickel,  zinc,  and  manganese,  but  only  when  barium,  strontium, 
calcium,  and  lead  are  absent.  Cobalt  can  also  be  separated 
from  manganese  and  zinc  by  means  of  the  double  cyanides. 
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The  solution  is  treated  with  pure  potassium  cyanide  until  the  pre- 
cipitate redissolves,  a  few  drops  of  hydrochloric  acid  are  added, 
and  the  mixture  then  boiled.  Zinc  cobaltocyanide  is  next  pre- 
cipitated by  hydrochloric  acid,  the  solution  boiled  until  free 
from  hydrocyanic  acid,  the  precipitate  dissolved  in  caustic 
potash,  and  zinc  thrown  down  by  hydrogen  sulphide.  The 
cobalt  is  best  determined  by  the  difference.  Nickel  from  zinc : 
In  Wohler's  method,  the  solution  is  treated  with  an  excess  of 
freshly -prepared  potassium  cyanide  (or  potassium  hydroxide 
and  hydrocyanic  acid),  and  then  precipitated  with  potassium 
sulphide.  Zinc  sulphide  is  thus  obtained,  and  is  filtered  off 
and  weighed.  The  filtrate,  containing  the  nickel,  is  then  treated 
with  potassium  chlorate  and  hydrochloric  acid,  and  nickelic 
hydroxide  precipitated  with  caustic  potash.  Wohler's  method 
is  less  convenient  than  that  of  Schmitt  and  Brunner.  In  the 
latter  the  hydrochloric  or  nitric  acid  solution  is  nearly 
neutralised  with  potassium  carbonate  (it  must  remain  slightly 
acid),  and  subjected  to  the  action  of  hydrogen  sulphide.  When 
the  separation  of  the  precipitate  has  ceased,  a  few  drops  of 
sotlium  acetate  solution  are  added,  and  hydrogen  sulphide 
iigain  led  into  the  solution.  After  standing  for  twelve  hours 
the  zinc  sulphide  is  filtered  off,  washed  with  hydrogen  sulphide 
water,  and  the  zinc  estimated  as  zinc  sulphide  (§  123).  The 
hydrogen  sulphide  is  then  removed  from  the  filtrate  by  boiling, 
and  the  nickel  precipitated  with  potassium  hydroxide.  A 
method  proposed  by  Beilstein  consists  in  precipitation  of  the 
solution  with  ammonia,  solution  of  the  precipitate  in  citric 
acid,  and  treatment  of  the  liquid  with  hydrogen  sulphide. 
Zinc  separates  as  its  sulphide,  and  nickel  is  determined  in  the 
Hltrate  by  electrolysis.  Nickel  and  cobalt  may  be  separated /rom 
nmngatuse  as  follows.  The  solution  is  first  precipitated  with 
caustic  potash,  and  the  hydroxides  washed,  and  ignited, 
in  a  bulb  tube,  in  a  stream  of  hydrochloric  acid  gas.  The 
chlorides  which  thus  form  are  next  reduced  with  hydrogen  in 
the  same  tube.  Manganous  chloride,  which  remains  unaffected, 
is  then  extracted  with  water.  Manganese  can  be  separated 
from  nickel  by  one  of  the  methods  based  upon  the  formation 
of  higher  degrees  of  oxidation  of  manganese,  of  which  nickel  is 
incapable.  For  this  purpose  the  solution  may  be  treated  with 
lead  dioxide,  or  chlorine,  in  presence  of  an  excess  of  acetic 
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acid,  or  with  chlorine  in  aqueous  solution.  In  the  last  method, 
the  manganic  hydroxide  is  precipitated  by  barium  carbonate. 
The  conditions  are  explained  m  §  124  a. 

(c)  Cobalt  and  nickd  from  Group  III.,  Division  1 
(aluminium,  chromium,  iron).  It  is  preferable  to  use  special 
separations,  though  the  general  methods  already  described  may 
also  be  employed,  e.g.,  precipitation  with  ammonium  sulphide 
in  presence  of  tartaric  acid.  Iron  and  ahmiinium  are  most 
conveniently  separated  as  their  succinates  or  basic  acetates 
(§  122).  Iron,  especially  if  its  quantity  be  small  in  proportion 
to  that  of  nickel  and  cobalt,  can  be  precipitated  by  ammonia 
in  presence  of  ammonium  chloride,  the  nickel  and  cobalt 
remaining  in  solution.  Chromium  is  best  separated  by  its 
oxidation  to  chromic  acid  (§  122). 

((l)  Cobalt  and  nickd  from  the  metals  of  Groups  L  and  II, — 
The  reduction  of  the  chlorides  by  hydrogen,  or,  if  possible, 
methods  based  upon  the  properties  of  the  metals  of  Groups  I. 
and  IT.  are  employed. 

GEOUP  IV 

SILVEB,  MEBCUBY,  COPPEB,  CADMIUM,  LEAD, 

AND  BISMUTH 

§  127.  I.  Determination,  (a)  Silver, — Silver  enters  into 
several  compounds  suitable  for  its  estimation.  It  is  mast 
frequently  weighed  as  silver  chloride  (an  exceptionally  accurate 
method).  When  this  method  is  imavailable,  the  determination 
may  be  made  as  metallic  silver,  or  more  rarely  as  the  sulphide 
or  cyanide  (as  the  latter  only  in  separations). 

As  silver  chloride. — The  solution  is  heated  to  70"  C,  and 
precipitated  by  a  slight  excess  of  hydrochloric  acid  in  presence 
of  nitric  acid.  To  make  the  precipitate  coagulate,  the  solution 
must  be  rapidly  stirred  or  shaken  in  a  stoppered  flask.  It  is 
then  set  aside  in  a  dark  place  for  twelve  hours,  and  the  super- 
natant liquor  finally  decanted  through  a  filter.  The  precipitate 
remaining  in  the  flask  is  washed  two  or  three  times  with  hot 
water  which  contains  nitric  acid,  brought  on  the  filter,  and 
washed,  first  with  water  and  nitric  acid,  finally  with  hot  water 
alone.     The  filter  is  next  dried,  separated  as  completely  as 
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l>ossible  from  the  precipitate,  and  the  latter  gently  ignited  to 
incipient  fusion  in  a  porcelain  crucible  and  weighed.  The 
filter  is  burned  by  itself,  its  ash  placed  in  the  crucible,  and  the 
latter  again  weighed.  The  difference  gives  the  amount  of 
metallic  silver  reduced  on  ignition  of  the  filter.  This  value  is 
calculated  to  silver  chloride,  and  the  result  added  to  the  weight 
first  obtained.  The  metallic  silver  obtained  by  combustion  of 
the  filter  can  also  be  converted  to  the  chloride.  For  this 
purpose  the  ash  is  laid  on  the  cover  of  the  crucible,  carefully 
dissolved  in  nitric  acid,  and  reprecipitated  by  a  drop  or  two  of 
hydrochloric  acid.  It  is  then  cautiously  evaporated  to  drj'ness 
and  fused.  By  this  method  the  entire  quantity  of  silver 
chloride  is  ascertained  in  one  weighing. 

As  silver  sulphide, — The  solution  is  precipitated  with 
hydrogen  sulphide  or  hydrc^en  sulphide  water.  The  precipitate 
is  allowed  to  subside  in  a  closed  flask,  and  finally  collected  on 
a  weighed  filter,  dried  at  100°  C,  and  weighed.  This  method 
is  usually  employed  only  in  separations.  If  substances  were 
present  which  decompose  hydrogen  sulphide,  the  precipitate  con- 
tains free  sulphur,  and  requires  purification  ;  either  by  ignition 
in  a  stream  of  hydrogen  (Kose's  method)  and  determination  as 
metiillic  silver,  or  as  follows.  The  precipitate  is  carefully 
rinsed  from  the  weighed  filter  into  a  porcelain  dish,  warmed 
with  a  concentrated  solution  of  sodium  thiosulphate,  and  again 
brought  upon  the  same  filter,  which  has  been  re -dried  as 
thoroughly  as  possible  in  the  meantime.  The  sulphide  may 
also  be  dissolved  in  nitric  acid,  and  the  silver  estimated  as 
chloride. 

As  silver  cyanide, — The  solution  is  acidified  with  nitric  acid 
and  precipitated  with  potassium  cyanide.  The  silver  cyanide 
thrown  down  is  then  dissolved  in  an  excess  of  the  reagent,  re- 
precipitated  by  a  slight  excess  of  nitric  acid  at  a  gentle  heat, 
and  collected  on  a  weighed  filter.  It  is  then  dried  at  100"*  C, 
and  weighed. 

As  metallic  silver. — The  method  can  be  used  for  the  esti- 
mation of  the  silver  in  compounds  with  volatile  acids  and  in 
those  which  decompose  on  ignition  (salts  of  organic  acids, 
carbonate,  oxide,  etc.)  The  compound  is  cautiously  heated  in 
a  porcelain  crucible  and  the  residual  silver  weighed  (when 
obtained  from  organic  salts,  only  after  the  carbon  has  been 
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jtiHthfxU  are  exarrt,  and  applicable  to  either  mercurous  or 
rfierrrfjric  <y/mpoanA».  If  the  chloride  is  to  c«e  precipitated, 
the  merrn ric  salts  muiat  be  reduce*!  ««ee  l>riow»:  if  the  sul- 
phide, the  lower  compounds  must  Ije  oiMisetl  by  gently 
heatin^r  with  nitric  and  hv/lr»x^hl'>ric  acids.  It  must  be 
rememfjere'l  that  if  mercunr  solutions  which  contain  hvdr»> 
chloric  acid  l^e  evaporated,  mercuric  chloride,  HgCl^,  will 
volatih'se.  The  determination  as  mercuric  oxide  or  metallic 
mercurj'  i.=j  less  accurate. 

A9  TMreurr/m  cJdf/ride. — Mtreuroiu  solutions  are  sufficient! v 
dilute'l  with  water,  and  the  chloride  precipitated  with  so'iium 
chloride.  Tlie  prer.-ipitate  is  then  collected  upon  a  weighed 
filUjr,  drie^l  at  100'^  C,  and  weighed.  Insoluble  mercurous 
t/f}U\\r(AU\*\3  are  di-ssolved  in  cold  dilute  nitric  acid,  and  the 
H^ilution  neutralise^!  by  sodium  carbonate  before  the  precipita- 
tion. M^rr.nr\A  ftalts  are  treated  with  hvdrochloric  acid 
(nitric  acid  does  not  prevent  the  reaction)  and  a  solution  of 
pliospliorouH  acid  or,  more  simply,  water  in  wliich  phosphorus 
tiiis  W^n  standing  for  some  time.  The  liquid  is  then  set  aside 
for  twelve  hours.  The  mercurous  chloride  separates  in  the 
crysUilline  condition,  and  is  finally  collected  upon  a  weighed 
filUir,  drierl  at  100"  C,  and  weighed. 

An  merairic  tsulphide. — The  metliod  is  simple  and  accurate. 
Tlie  slightly  acid  solution  is  treated  with  hydrogen  sulphide 
or  a  freshly  prepared  solution  of  the  gas,  and,  as  soon  as  it  has 
BulMided,  the  precipitate  is  collected  upon  a  weighed  filter.  It 
is  then  washed  with  cold  water,  dried  at  IOC  C,  and  weighed. 
If  the  precipitate  contain  free  sulphur  it  may  be  purified  in 
the    same    manner   as  silver;    or,  after  being  washed   with 
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water  and  subsequently  with  absolute  alcohol,  it  may  be 
treated  on  the  filter  with  carbon  disulphide  (until  a  drop  of 
the  filtrate  leaves  no  residue  on  evaporation). 

(c)  DetermincUion  of  copper. — Copper  is  weighed  either 
as  cupric  oxide,  cuprous  sulphide,  or  the  metal.  All  three 
methods  are  exact  and  convenient  if  the  necessary  precautions 
be  observed.  The  determination  as  cuprous  sulphide  is  usually 
employed  in  separations.  When  non- volatile  organic  acids 
are  present,  copper  cannot  be  estimated  by  precipitation  as 
its  hydroxide. 

As  ctipric  oxide, — The  dilute  solution  is  heated  to  boiling 
in  a  porcelain  or  platinum  dish  and  treated  with  sodium 
hydroxide,  the  reagent  being  gradually  added  until  precipita- 
tion ceases.  The  solution  is  then  heated  to  incipient  boiling 
again,  and  as  soon  as  the  precipitate  has  turned  black,  it  is 
allowed  to  settle  (which  it  does  quickly),  and  immediately 
filtered.  The  supernatant  liquid  is  decanted  off,  and  the  pre- 
cipitate in  the  bottom  of  the  dish  repeatedly  treated  with 
boiling  water.  It  is  finally  transferred  to  the  filter  and  washed 
with  hot  water.  If  the  removal  of  all  the  cupric  hydroxide 
from  the  sides  of  the  dish  is  impossible,  the  particles  which 
remain  may  be  dissolved  in  nitric  acid  and  the  solution 
poured  into  the  crucible  to  which  the  precipitate  has  been 
transferred.  The  whole  is  then  evaporated  to  dryness  and 
ignited.  The  ignition  (in  a  platinum  crucible)  must  be  very 
strong,  and  the  filter  burned  separately.  The  requisites  for 
an  exact  determination  are :  a  dilute  solution,  thorough  wash- 
ing of  the  precipitate,  non-reduction  to  metallic  copper  during 
the  ignition,  and  finally,  the  cooling  of  the  crucible  in  an 
exsiccator.  The  filtrate  from  the  precipitate  must  also  be 
tested  with  hydrogen  sulphide,  to  ascertain  whether  the  pre- 
cipitation was  complete.  After  being  weighed,  the  cupric 
oxide  is  tested  for  the  possible  presence  of  silica  (if  the 
analysis  was  made  in  a  porcelain  dish)  by  solution  in  hydro- 
chloric acid. 

As  cuprous  sulphide. — The  neutral  or  slightly  acid  solu- 
tion, wliich  must  contain  very  little  or  no  nitric  acid,  is 
heated  to  80°  C.  and  while  at  that  temperature  treated  with 
hydrogen  sulphide  or  its  aqueous  solution.  The  precipitate  is 
filtered  off  as  soon  as  it  has  subsided,  washed  with  hydrogen 
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sulphide  water,  and  dried  quickly.  It  is  brought  into  a  state 
fit  lor  weighing  l)y  Eose's  method  of  igniting  the  precipitate 
and  filter  ash  with  sulphur  in  a  stream  of  hydrogen.  The 
operation  yields  cuprous  sulphide,  CugS.  The  determination 
as  cuprous  sulphide  is  most  frequently  resorted  to  in  separa- 
tions effected  by  precipitation  with  sodium  thiosulphate  or 
potassium  sulphocyanate  (see  Separations). 

As  metallic  capper, — The  determination  in  this  form  is 
botK  convenient  and  exact.  The  solution,  free  from  nitric 
acid  (the  nitric  acid  may  be  removed,  if  necessarj',  by  evapora- 
tion with  sulphuric  or  hydrochloric  acid),  is  treated  in 
a  weighed  platinum  dish  with  a  few  pieces  of  zinc  (which 
must  dissolve  in  acids  without  leaving  a  residue).  The 
evolution  of  hydrogen  must  not  be  too  strong.  The  dish 
shoidd  be  covered  by  a  watch-glass;  drops  of  the  solution 
will  collect  upon  the  surface  of  the  latter,  and  must  be  rinsed 
back  into  the  dish  from  time  to  time.  The  cox^per  separates, 
either  as  a  metallic  deposit  on  the  sides  of  the  dish  or  as  a 
spongy  red  mass.  Complete  precipitation  is  effected  in  from 
one  to  two  hours.  As  soon  as  it  has  ceased  (ascertained  by 
the  addition  of  hydrogen  sulphide  to  a  small  portion)  and  the 
zinc  has  passed  entirely  into  solution,  the  copper  is  washed  by 
decantation  with  hot  water  until  free  from  hydrochloric  acid. 
Alcohol  is  then  substituted  for  water,  and  the  metal  is  finally 
dried  at  100".  The  weight  of  the  platinum  dish  alone 
having  already  been  ascertained,  the  amount  of  copper  is 
found  directly  on  being  weighed.  Copper  may  also  be  pre- 
cipitated in  the  metallic  state  by  other  methods,  e.//.,  with  a 
weak  galvanic  current  (see  Examples ;  Determination  by 
electrolysis). 

(d)  Cadmium  may  be  determined  either  as  the  oxide  or, 
still  l)etter,  as  the  sulphide. 

As  oxide.  —  The  cadmium  solution  is  precipitated  by 
sodium  carbonate  (in  the  same  manner  as  zinc;  §  123),  and 
the  oxide  obtained  by  ignition  of  the  precipitate.  The  filter 
is  burned  separately,  and  must  first  be  moistened  with 
ammonium  nitrate  and  dried.  (Metallic  cadmium  will  other- 
\vise  form  and  volatilise.) 

As  cadmium  sulphide. — ^The  neutral  or  very  slightly  acid 
solution   is    precipitated    by    hydrogen    sulphide    (or    sodium 
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sulphide),  and  the  precipitate  collected  on  a  weighed  filter 
and  dried  at  100°  C.  If  the  precipitate  contains  free  sulphur, 
the  latter  is  removed  as  from  silver  and  mercuric  sulphides. 
The  cadmium  sulphide  may  also  be  dissolved  in  hydrochloric 
acid  and  the  cadmium  determined  as  oxide. 

(e)  Determination  of  lead. — Lead  is  usually  weighed  as 
the  sulphate.  It  may  also,  especially  in  separations,  be 
determined  as  sulphide  (sometimes  as  chromate).  When 
existing  as  a  salt  of  an  organic  acid  it  is  most  frequently 
determined  as  lead  monoxide. 

As  lead  sulphate, — The  fairly  concentrated  solution  is 
treated  with  dilute  sulphuric  acid  until  the  precipitate  ceases 
to  form.  A  volume  of  alcohol  equal  to  that  of  the  solution 
is  then  added,  and  the  mixture  allowed  to  stand  for  some 
hours.  The  precipitate  is  washed  with  alcohol,  on  a 
weighed  filter,  care  being  taken  that  the  sides  of  the  latter 
are  thoroughly  washed.  It  is  then  dried  at  100°  C.  and 
weighed.  The  ignition  of  the  lead  sulphate  is  a  more  difficult 
operation-  If  the  circumstances  are  such  that  no  alcohol  can 
be  used,  an  excess  of  dilute  sulphuric  acid  may  be  added, 
which  lessens,  but  by  no  means  obviates,  the  error  due  to  the 
solubility  of  the  salt.  Lead  salts  of  volatile  acids,  the  oxides, 
etc.,  can  be  converted  to  the  sulphate  by  evaporation  with 
sulphuric  acid  and  cautious  ignition. 

As  lead  sulphide, — This  method  is  employed  more  par- 
ticularly in  separations.  The  precipitation  can  be  made  either 
with  hydrogen  sulphide  (from  sliglitly  acid  solution)  or  with 
ammonium  sulphide.  The  lead  sulphide  is  washed  with  cold 
water,  and  brought  into  a  state  suitable  for  weighing  by 
ignition  with  sulphur  to  redness  in  a  Rose's  crucible.  The 
composition  of  lead  sulphide  is  PbS. 

As  lead  oxide. — The  precipitation  of  lead  solutions  by 
ammonium  carbonate  in  presence  of  ammonia,  and  subsequent 
conversion  of  the  lead  carbonate  obtained  into  the  oxide  by 
ignition,  is  seldom  employed,  as  its  accuracy  is  less  than  that 
of  other  methods.  Lead  salts  of  organic  acids  yield  the  oxide 
when  ignited,  very  cautiously  at  first,  in  a  covered  crucible. 
If  the  cover  be  taken  off,  the  contents  of  the  crucible  begin  to 
glow,  the  carbon  ignites,  and  the  oxide  undergoes  reduction  to 
metallic  lead.     As  soon  as  the  crucible  has  become  somewhat 
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cool,  therefore,  a  few  pieces  of  recently -fused  ammonium 
nitrate  should  be  added,  and  the  crucible  covered  and  again 
ignited.  The  lead  oxide  thus  obtained  is  pure  and  fit  for 
weighing. 

(/)  Deterviination  of  hismvih. — ^The  most  accurate  method 
consists  in  the  precipitation  of  bismuth  oxychloride  and 
weighing  as  the  metal  The  determination  as  sulphide  or 
oxide  is  less  accurate.  The  latter  method  may  be  supple- 
mented by  reduction  to  metallic  bismuth. 

As  oxide. — Hydrochloric  and  sulphuric  acid  must  be 
absent,  as  the  corresponding  basic  salts  may  otherwise  form. 
The  bismuth  solution  is  diluted  with  water  (any  precipitate 
separating  may  be  neglected)  and  treated  with  ammonium 
carbonate.  It  is  then  heated  for  some  time  almost  to  boiling, 
and  the  precipitate  finally  filtered  off,  dried,  and  ignited. 

As  sulphide. — The  solution  is  diluted  with  water,  a  few 
drops  of  acetic  acid  being  added  to  prevent  the  formation  of 
basic  salts,  and  is  then  treated  with  hydrogen  sulphide  (aqueous 
or  gaseous)  or  with  ammonium  sulpliide.  The  precipitate  is 
allowed  to  settle,  and  washed  with  water  containing  hydrogen 
sulphide.  It  must  be  filtered  through  a  weighed  filter  and 
dried  at  100°  C.  Since  it  is  difficult  to  prevent  oxidation 
by  the  air,  and  consequently,  to  obtain  a  constant  weight, 
better  results  are  obtained  if  the  bismuth  sulphide  be  dis- 
solved in  nitric  acid  and  the  determination  made  as  oxide. 

As  metallic  bismtUh. — The  oxide  may  be  reduced  (the 
sulphide  undergoes  reduction  less  readily) ;  but  it  is  better  to 
employ  the  oxychloride  obtained  by  precipitation  with  water. 
The  acid  solution  is  neutralised  with  potassium  hydroxide  or 
ammonia,  and  sodium  chloride  added.  On  dilution  with  water 
the  oxychloride  separates.  As  soon  as  the  further  addition  of 
water  produces  no  more  precipitate,  the  basic  salt  is  allowed  to 
settle  and  then  filtered.  It  must  be  washed  with  cold  water  and 
dried  at  100"*  C.  As  the  bismuth  oxychloride  undergoes  partial 
decomposition  during  the  operation  of  washing,  and  has  no 
permanent  and  definite  composition,  it  must  be  reduced  to  the 
metal  before  the  final  determination.  The  reduction  is  effected 
by  fusion  with  five  parts  of  potassium  cyanide  in  a  porcelain 
crucible,  the  mass  being  kept  in  a  molten  state  for  some  time. 
On  extraction  with  water  metallic  bismuth  is  obtained ;  it  is 
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collected  on  a  filter,  washed  with  water  and  subsequently  with 
alcohol,  dried,  and  weighed.  The  filter  must  be  previously 
dried,  and  weighed  in  the  crucible  to  be  employed  for  the 
reduction.  The  bismuth  must  be  finally  weighed,  together 
with  the  filter,  in  the  same  crucible  (this  obviates  the  error 
which  might  otherwise  be  caused  by  the  action  of  the  potassium 
cyanide  upon  the  crucible).  Bismuth  oxide  is  reduced  in  the 
same  manner. 

§  128.  II.  Separations,  (a)  Metals  of  Group  IV. — Most 
of  the  separations  are  based  upon  the  same  properties  as  are 
employed  in  the  determination  of  the  metals,  and  which  have  been 
described  in  that  connection.  The  various  methods  of  separa- 
tion will  be  classified  according  to  these  properties.  Separations 
by  electrolysis  are  given  in  the  examples  of  gravimetric  analysis. 

Separation  of  silver, — Silver  may  be  separated  from  almost 
all  metals  as  its  chloride,  under  the  conditions  given  in  §  127. 
The  separation  from  mercurous  mercury  by  this  method  is 
impossible,  and  in  the  presence  of  lead  or  mercuric  mercury 
the  method  is  inexact,  as  the  results  are  eflFected,  in  the  first 
instance,  by  the  difficult  solubility  of  lead  chloride,  and  in  the 
second,  by  the  solubility  of  silver  chloride  in  mercuric  nitrate. 
The  error  may  be  lessened  by  the  addition  of  sodiimi  acetate 
(which  dissolves  the  lead  chloride  and  makes  the  silver  chloride 
more  sparingly  soluble  in  mercuric  nitrate),  but  it  is  still 
preferable  to  separate  the  two  interfering  metals  beforehand 
(see  below).  In  separations  from  mercury,  copper,  and  cad- 
mium the  insolubility  of  silver  cyanide  in  nitric  acid  is  also 
employed.  The  solution  (neutralised  if  acid)  is  treated  with 
potassium  cyanide  until  the  precipitate  redissolves,  and  nitric 
acid  is  then  added.  The  silver  cyanide  thus  obtained  is  de- 
termined as  in  §  127  a.  Separations  from  silver  which  are 
based  on  the  properties  of  the  other  metals  will  be  discussed 
below. 

Separation  of  mercury. — Mercurous  compounds  are  sepa- 
rated (from  mercuric  mercury,  lead,  copper,  and  cadmium) 
exclusively  as  mercurous  chloride,  according  to  §  127  6. 
Mercuric  mercury  can  also  be  separated  (usually  from  copper 
and  cadmium),  as  the  lower  chloride  by  reduction  with  phos- 
phorous acid  (Eose's  method,  §  127  J).  In  cases  where  this 
method  is  inapplicable  (separation  from  silver  and  bismuth), 


840  ANALYTICAL  CHEMISTRY  oboup  iv 

the  insolubility  of  mercuric  sulphide  in  boiling  dilute  nitric 
acid  is  employed.  Copper  and  cadmium  may  also  be  separated 
from  mercury  by  this  method.  The  sulphides  are  precipitated 
together,  under  the  conditions  explained  in  §  127  6.  The 
chief  requisite  upon  which  accuracy  depends  is  the  absence  of 
free  chlorine.  The  results  obtained  by  this  method  in  the 
separation  of  mercury  from  lead  are  not  so  satisfactory  (see 
separation  of  bismuth).  The  volatility  of  mercuric  chloride 
may  be  employed  for  the  separation  of  mercury  from  silver, 
lead,  and  copper  (and,  in  genei-al,  all  metals  the  chlorides  of 
which  are  non-volatile).  Hydrogen  sulphide  is  led  into  the 
solution  (§127  b),  and  the  precipitate  dried  at  100°  C.  and 
weighed.  A  portion  is  then  placed  in  a  bulb  tube  connected 
with  a  receiver  containing  water,  and  heated  in  a  stream  of 
chlorine.  The  latter  decomposes  the  sulphides,  with  formation 
of  the  volatile  mercuric  chloride  (and  also  sulphur  chloride), 
and  the  non- volatile  chlorides  of  the  other  metals.  The  mer- 
curic salt  either  passes  into  the  receiver  or  condenses  in  the 
posterior  portion  of  the  tube,  while  the  non-volatile  chlorides 
remain  in  the  bulb.  The  mercuric  chloride  in  the  tube  is 
then  dissolved  in  water,  added  to  that  in  the  receiver,  and  the 
mercury  determined  according  to  §  127  J. 

Tlie  separation  of  lead  from  mercuric  mercury,  bismuth, 
copper,  and  cadmium  is  effected  by  means  of  its  sulphate 
(§127  e).  When  this  method  is  inapplicable,  for  instance,  in 
presence  of  mercurous  salts,  the  solution  is  precipitated  with 
sodium  carbonate  and  then  heated  for  some  time  with  potassium 
cyanide.  The  lead  carbonate  is  left  undissolved  (it  cannot  be 
directly  weighed,  however,  as  it  retains  some  of  the  alkali). 

Scparatioii  of  bismuth,  —  The  formation  of  bismuth  oxy- 
chloride  (§  127  /)  permits  a  very  exact  separation  of  this 
metal  from  copper  and  cadmium.  The  behaviour  of  bismuth 
salts  toward  sodium  carbonate  and  potassium  cyanide  (comp. 
separation  of  lead)  is  also  the  basis  of  accurate  separations  from 
mercury,  cadmium,  and  copper  (see  also  the  separation  of  silver, 
mercury,  and  lead).  In  some  cases  (from  cadmium)  the  in- 
solubility of  the  chromate  and  the  volatility  of  bismuth  chloride 
are  also  resorted  to  (the  operation  is  the  same  as  in  the  separa- 
tion of  mercury).  The  latter  method  is  especially  convenient 
in  the  analysis  of  bismuth  alloys.     Hydrochloric  acid  is  placed 
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in  the  receiver,  and  the  final  determination  of  the  bismuth 
made  by  means  of  its  oxychloride.  Jannasch  and  Etz  employ 
an  atmosphere  of  bromine  instead  of  chlorine  for  the  separation 
of  bismuth  from  lead  and  cadmium.  The  details  of  the  method, 
which  gives  very  satisfactory  results,  will  be  found  in  the  Ber. 
d.  d.  chem.  Gesellschaft,  xxv.  737. 

Separation  of  copper  and  cadmiunu  —  The  separation  of 
copper  from  the  metals  already  discussed  is  usually  based  upon 
the  properties  of  the  other  metals,  and  not  of  copper  (see 
separations  of  silver,  mercury,  lead,  and  bismuth).  Only  those 
methods  in  which  characteristic  reactions  of  the  copper  are 
employed  remain  to  be  considered.  The  separation  of  bismuth 
by  means  of  ammonium  carbonate,  in  which  the  bismuth  is 
precipitated  as  its  carbonate,  is  inaccurate.  Copper  can  be 
separated  from  nearly  all  metals  by  means  of  the  ammonium 
compounds  which  it  forms.  When  in  presence  of  lead  and 
bismuth,  it  may  be  isolated  by  precipitation  with  sodium 
carbonate  and  treatment  of  the  precipitate  with  potassium 
cyanide  (see  separation  of  lead).  The  solubility  of  cupric 
sulphide  in  potassium  cyanide  yields  a  method  for  its  separa- 
tion from  silver,  mercury,  and  cadmium.  This  method  is 
employed  almost  exclusively,  however,  for  the  separation  of 
copper  and  cadmium.  The  slightly  acid  solution  (partially 
neutralised  if  necessary)  is  treated  with  potassium  cyanide,  and 
the  precipitate  dissolved  in  an  excess  of  the  latter.  Hydrogen 
sulphide  is  then  passed  through  the  solution  (or  ammonium 
sulphide  added).  The  resulting  sulphide  of  cadmium  (silver 
or  mercury)  is  washed  by  decantation,  and  weighed  as  in 
§  127  (i  To  determine  the  copper,  the  solution  is  evaporated 
with  sulphuric  or  nitric  acid  until  the  hydrocyanic  acid  has 
been  removed,  and  cupric  hydroxide  or  sulphide  is  then  precipi- 
tated (§127  c).  Eivot  has  elaborated  a  method  in  which  the 
solution,  which  must  contain  neither  nitric  acid  nor  free  chlorine, 
is  precipitated  with  potassium  sulphocyanate  in  presence  of 
sulphurous  (or  phosphorous)  acid.  The  cuprous  sulphocyanate 
which  forms  is  allowed  to  settle,  filtered,  and  converted  to 
cuprous  sulphide  (by  Eose's  method).  The  cadmium  is  pre- 
cipitated from  the  filtrate  as  its  sulphide  (§  127  d).  Accord- 
ing to  Hofinann,  the  sulphides  may  be  precipitated  and  boiled 
with  dilute  sulphuric  acid  (1 : 5),  in  which  cadmium  sulphide 
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is  soluble.     The  cupric  sulphide  is  then  filtered  oflF,  and  de- 
termined according  to  §  127  c. 

(6)  The  separation  of  the  metals  of  Group  IV,  from  those 
of  Groups  /.,  //.,  arid  III.  is  always  effected  by  means  of 
characteristic  reactions  of  the  metals  in  Group  IV.,  the 
methods  just  described  being  employed.  A  general  method 
consists  in  precipitation  with  hydrogen  sulphide,  which  yields 
all  the  metals  of  Group  IV.  as  sulphides.  In  the  separation 
from  Groups  I.  and  II.  by  this  reaction,  the  state  of  the 
solution  is  of  no  importance ;  in  that  from  Group  III.,  on  the 
contrary,  the  concentration  and  acidity  must  be  within  certain 
limits.  If  the  solution  be  very  slightly  acid,  zinc  sulphide 
may  be  precipitated,  and  if  it  be  too  strongly  acid,  cadmium 
(also  lead  and  other  metals)  may  remain  in  solution.  The 
acidtdation  should  be  effected  with  hydrochloric  acid  if  possible ; 
if  this  be  inexpedient,  and  nitric  or  sulphuric  acid  be  employed, 
the  solution  must  be  highly  diluted  with  water.  In  the 
separation  of  zinc  from  copper  the  precipitation  must  be 
repeated  twice,  to  obtain  the  copper  sulphide  free  from  zinc 
When  copper  is  to  be  separated  from  nickel  or  cobalt  a  second 
precipitation  is  unnecessary  if  the  aolution  contain  a  sufficient 
quantity  of  hydrochloric  acid.  In  separating  cadmium  from 
zinc  it  is  also  advisable  to  repeat  the  precipitation,  the 
cadmium  remaining  in  solution  after  treatment  with  hydrogen 
sulphide  being  thrown  down  by  the  gas  in  aqueous  solution. 
In  double  precipitations  the  sulphides  obtained  in  the  first 
operation  are  dried,  dissolved  in  aqua  regia,  the  solution 
evaporated  to  dryness,  the  residue  dissolved  in  hydrochloric 
acid,  and  again  precipitated  with  hydrogen  sulphide.  Special 
methods.  Silver:  By  precipitation  as  the  chloride  according 
to  §  127  a.  Mercury :  Mercurous  compounds  are  precipitated 
with  hydrochloric  acid  as  in  §  127  6;  mercuric  salts  are 
reduced  by  phosphorous  acid  in  presence  of  hydrochloric  acid, 
as  in  Bose's  method,  §  127  6.  Lead:  with  sulphuric  acid,  § 
12*1  e.  Barium  sulphate  can  be  separated  from  lead  sulphate 
by  treatment  with  cold  ammonium  carbonate.  The  latter 
converts  the  lead  salt  into  the  carbonate,  which  can  then  be 
removed  by  dilute  nitric  acid.  The  washed  precipitate  of  the 
mixed  sulphates  may  also  be  rinsed  into  a  beaker  and  digested 
¥rith  cold  sodium  tiiiosulphate,  which  dissolves  the  lead  salt. 
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(lead  is  in  this  case  determined  as  sulphide).  Copper:  The 
solution  is  acidified  with  sulphuric  acid,  heated  to  boiling,  and 
precipitated  with  sodium  thiosulphate  until  the  copper  has  been 
completely  deposited.  The  further  treatment  of  the  precipitate 
is  given  in  §  127  ^.  In  this  method,  any  large  excess  of 
hydrochloric  or  nitric  acid  must  be  removed  by  evaporation 
with  sulphuric  acid.  The  separation  of  copper  from  zinc,  and 
also  from  iron,  by  means  of  potassium  sulphocyanate  is  to  be 
especially  recommended  (separation  of  copper,  §  128  a). 
Bismuth  is  isolated  as  its  oxychloride  (except  from  iron) 
according  to  §  127  /.  Cadmiv/niy  by  means  of  hydrogen 
sulphide  (§127  d). 

GEOUP  V 

TIN,  ANTIM0N7,  ABSENIO 

§  129.  I.  DeterminatioiL  Of  tin. — Tin  is  always  deter- 
mined as  stannic  oxide,  the  latter  being  obtained  either  directly 
or  after  the  precipitation  of  stannic  sulphide.  Acid  solutions 
which  contain  hydrochloric  acid  or  chlorides  must  not  be 
evaporated.  By  precipitation  as  stannic  add.  1.  With  nitric 
acid :  Metallic  tin  (alloys),  and  those  of  its  compounds  which 
contain  no  non-volatile  acids  (chlorides,  as  we  have  seen,  must 
be  absent),  are  treated  with  nitric  acid  (sp.  gr.  =  1'3)  in  a  small 
flask,  the  metal  first  having  been  reduced  to  powder.  The  dcid 
is  gradually  added  in  the  cold,  and  the  vessel  covered  by  a 
watch-glass.  Toward  the  end  of  the  reaction,  the  flask  may 
be  heated  on  the  water-bath  imtil  the  insoluble  residue  has 
turned  completely  white.  The  contents  of  the  flask  are  then 
rinsed  into  a  porcelain  dish,  evaporated  to  dryness  on  the 
water-bath,  extracted  with  water,  and  filtered.  The  precipitate 
should  be  ignited  in  a  porcelain  crucible,  before  a  blow-pipe 
flame.  If  the  sulphide  is  to  be  oxidised  with  nitric  acid,  it  is 
advisable  to  add  a  few  pieces  of  ammonium  carbonate  to  the 
contents  of  the  crucible  during  the  ignition,  to  remove  the 
sulphuric  acid,  2.  Precipitation  by  neutral  salts:  The  tin 
must  be  in  the  stannic  form,  stannous  compounds  requiring 
previous  oxidation  (with  hydrochloric  acid  and  potassium 
chlorate).     The  solution  is  cautiously  neutralised  by  ammonia 
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(if  a  slight  turbidity  ensues,  a  few  drops  of  hydrochloric  acid 
may  be  added),  mixed  with  a  concentrated  solution  of  sodium 
sulphate  or  ammonium  nitrate,  and  warmed  for  some  time. 
The  precipitate  of  stannic  acid  is  first  washed  by  decantation, 
then  on  the  filter,  and  finally  ignited  Complete  precipitation 
must  be  confirmed  by  the  addition  of  sodium  sulphate  to  the 
filtrate  and  heating.      The  method  is  exact. 

Precipitation  as  sulphide, — (This  method  is  employed  only 
in  separations.)  Stannous  compounds  are  precipitated  by 
hydrogen  sulphide  (gas  or  solution)  from  a  well-diluted  and 
slightly  acid  solution.  When  the  liquid  has  become  saturated 
with  hydrogen  sulphide  it  is  placed  aside  for  half  an  hour,  to 
allow  the  precipitate  to  settle,  and  then  filtered.  If  stannic 
compounds  are  to  be  precipitated,  the  vessel  is  covered,  and 
placed  in  a  warm  spot  until  the  odour  of  hydrogen  sulphide 
has  disappeared.-  It  is  advisable  to  wash  the  stannous 
sulphide  first  with  a  sodium  chloride  solution,  and  finally  with 
ammonium  acetate  and  acetic  acid,  as  the  precipitate  is  other- 
wise very  apt  to  run  through  the  filter.  The  precipitate  is 
converted  to  stannic  oxide  by  careful  ignition  in  a  porcelain 
crucible  (until  no  more  sulphurous  anhydride  escapes).  A 
stronger  flame  is  employed  towards  the  end  of  the  operation, 
and  a  few  pieces  of  ammonium  carbonate  added. 

Determination  ofatdimony. — Antimony  is  preferably  weighed 
as  antimony  trisulphide. 

As  aiitimony  sulphide. — The  solution  is  acidified  with  hydro- 
chloric acid,  tartaric  acid  is  added,  and  the  solution  diluted 
with  water  if  too  concentrated.  The  precipitation  must  be 
made  in  a  flask  closed  by  a  doubly  perforated  cork.  In  one 
of  the  holes  is  inserted  a  tube  which  leads  to  the  bottom  of  the 
flask,  and  serves  for  the  introduction  of  the  hydrogen  sulphide ; 
through  the  other  a  second  thin  tube  is  passed,  which  extends 
only  a  short  distance  below  the  cork,  and  is  bent  to  a  right 
angle  above  it.  This  tube  is  connected  with  another,  which 
dips  below  the  surface  of  some  water  contained  in  a  beaker,  the 
antimony  solution  thus  being  effectually  protected  from  the  air. 
The  solution  is  treated  with  hydrogen  sulphide  until  saturated 
with  the  gas,  and,  if  possible,  should  be  in  continual  ebullition 
during  the  latter  part  of  the  operation.  The  precipitate  is 
then  allowed  to  settle,  the  hydrogen  sulphide  driven    from 
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the  solution  by  a  current  of  carbon  dioxide,  and  the  liquid 
finally  filtered  through  a  weighed  filter.  The  precipitate  is 
dried  at  100°  C,  and  weighed.  It  still  contains  water,  and 
sometimes  sulphur,  however,  and  before  the  final  determination 
a  small  portion  is  dissolved  in  boiling  hydrochloric  acid.  If 
complete  solution  results,  sulphur  is  absent,  and  the  precipitate 
need  only  be  freed  from  its  water.  A  weighed  portion  is 
placed  in  a  porcelain  boat,  and  the  latter  inserted  in  a  glass 
tube.  It  is  then  ignited  in  a  stream  of  carbon  dioxide  until 
the  precipitate  has  entirely  lost  its  orange  colour  and  become 
black.  The  current  is  continued  imtil  the  tube  has  cooled  oflF. 
The  boat  having  ^ain  been  weighed,  and  the  quantity  of 
antimony  trisulphide  which  it  contains  thus  ascertained,  the 
amount  of  trisulphide  in  the  whole  precipitate  is  calculated 
from  this  value.  If  sulphur  was  present,  the  heat  must  be 
continued  until  it  has  entirely  volatilised. 

The  determination  of  arsenic  may  be  made  either  by  means 
of  ammonium  magnesium  arsenate  or  as  arsenic  trisulphide. 
Both  methods  are  exact  if  the  proper  conditions  be  observed. 
Certain  other  methods  are  also  employed  in  separations,  and 
these  will  be  described  in  their  proper  place  (§  130). 

As  ammonium  magnesium  arsenate. — ^The  arsenic  must  be 
present  as  arsenic  acid  (oxidised,  if  necessary,  by  evaporation 
with  nitric  acid).  The  solution  is  mixed  with  an  excess  of 
ammonia  (which  must  cause  no  precipitate)  and  magnesia- 
mixture  is  added  after  some  time  (§136;  for  arsenic  determina- 
tions the  mixture  prepared  from  magnesium  chloride  is  diluted 
with  one  half  its  volume  of  alcohol).  The  liquid,  which  must 
smell  strongly  of  ammonia,  is  allowed  to  stand  for  36-48 
houra  and  then  filtered.  The  precipitate  must  be  washed  on 
the  filter,  with  a  mixture  of  6  parts  water,  2  parts  ammonia, 
and  1  part  alcohol,  until  silver  nitrate  in  presence  of  nitric 
acid  causes  no  precipitate.  When  dried  at  103°-105°  C,  the 
precipitate  has  the  composition  Mg(NH^)AsO^,  and  for  exact 
determination  must  be  converted,  by  very  gentle  ignition,  into 
magnesium  pyroarsenate,  Mg^Aafi^  The  filter  is  burned  alone, 
having  first  been  moistened  with  ammonium  nitrate  and 
thoroughly  dried. 

As  arsenic  trisulphide. — Arsenious  solutions  are  precipitated 
by  hydrogen  sulphide  in  the  same  manner  as  antimony.     The 
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precipitate  is  collected  on  a  weighed  filter,  dried  at  100"*  C, 
and  weighed.  If  the  trisulphide  contains  sulphur  as  an 
impurity  (which  will  be  the  case  if  the  solution  contained 
substances  which  decompose  hydrogen  sulphide),  it  must  be 
converted  to  arsenic  acid.  The  oxidation  can  be  effected  either 
with  chlorine  in  presence  of  potassium  hydroxide  or  with 
concentrated  nitric  acid.  The  well-dried  precipitate  is  placed 
in  a  porcelain  casserole,  covered  with  nitric  acid,  and,  as  soon 
as  the  reaction  has  somewhat  subsided,  heated  on  the  water- 
bath.  The  casserole  should  be  kept  covered  by  a  glass  plate 
during  the  operation.  The  filter  must  also  be  decomposed,  but 
apart  from  the  precipitate.  The  two  solutions  are  then  united, 
and  the  arsenic  determined  as  ammonium  magnesium  arsenate. 
The  precipitation  of  arsenic  acid  solutions  by  hydrogen  sulphide 
should  be  performed  at  70°  C,  or,  still  better,  after  sulphurous 
acid  has  been  added.  The  precipitate  invariably  contains  free 
sulphur,  and  it  must  therefore  be  converted  to  arsenic  acid  and 
determined  as  ammonium  magnesium  arsenate.  The  sulphur 
can  also  be  removed  from  the  arsenic  sulphide  by  washing  with 
carbon  disulphide,  but  only  when  the  precipitation  was  made 
from  cold  solution. 

§  130.  II.  Separations,  (a)  Metals  of  Group  V.,  Division 
1. — There  are  many  methods  for  the  separation  of  these  metals, 
each  of  the  latter  having  characteristic  compounds  by  means 
of  which  it  can  be  isolated.  The  various  methods  can  be  more 
exactly  comprehended  if  discussed  in  connection  only  with  the 
metal  upon  the  compounds  of  which  they  are  based.  To  speak 
generally,  the  separation  of  antimony  is  effected  by  means  of 
the  insoluble  sodium  antimonate,  that  of  arsenic  by  ammonium 
magnesium  arsenate.  Tin  is  precipitated  in  neither  reaction, 
and  is  therefore  obtained  in  the  filtrate  from  the  other  metals. 

Separation  of  antimony, — The  metals  (or  their  alloys)  are 
oxidised  in  a  porcelain  crucible  by  nitric  acid  (sp.  gr.  =  1*4), 
the  reagent  being  added  little  by  little.  When  the  reaction  is 
complete,  the  solution  is  evaporated  to  dryness  on  the  water- 
bath,  and  the  residue  transferred  to  a  silver  crucible.  The 
porcelain  crucible  is  rinsed  with  a  solution  of  sodium  hydroxide, 
the  rinse  water  being  poured  into  the  silver  crucible,  to  the 
contents  of  which  are  also  added  several  pieces  of  solid  sodium 
oxide.     The  whole  is  then  carefully  heated  to  fusion,  and  after 
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remaining  in  a  molten  state  for  some  time,  is  finally  allowed  to 
cool,  and  treated  with  hot  water  until  the  residue  has  become 
pulverulent.  After  the  addition  of  dilute  alcohol  (1  vol. 
alcohol,  3  vols,  water),  the  vessel  is  set  aside  for  twenty-four 
hours.  The  residue  is  washed  with  dilute  alcohol  (the  same 
mixture),  dissolved  in  hydrochloric  acid  in  presence  of  tartaric 
acid,  and  the  solution  precipitated  by  hydrogen  sulphide.  The 
determination  of  the  antimony  is  made  according  to  §  129. 
Tin  and  arsenic  (in  the  filtrate  from  the  sodium  metanti- 
monate)  are  precipitated  together  as  stannic  arsenate  by 
hydrochloric  acid,  a  few  di*ops  of  sodium  carbonate  also  being 
added,  and  the  unfiltered  solution  is  then  treated  with  hydrogen 
sulphide  (§  129).  The  sulphides  obtained  are  separated  by 
the  following  method. 

Separation  of  arsenic. — K  arsenic  is  to  be  separated  only 
from  antimony,  it  is  converted  to  arsenic  acid  (with  aqua  regia 
or  potassium  chlorate  and  hydrochloric  acid)  and,  after  the 
addition  of  ammonium  chloride  and  ammonia,  is  precipitated 
with  magnesia  mixture.  The  precipitate  of  ammonium 
magnesium  arsenate  is  dissolved  in  hydrochloric  acid,  and 
again  thrown  down  by  ammonia,  to  free  it  from  the  small 
quantity  of  magnesium  tartrate  which  it  retains.  This  method 
may  be  modified  as  follows  for  the  separation  of  arsenic  from 
tin.  The  two  metals  (or  their  compounds)  are  oxidised  with 
nitric  acid,  as  in  §  129,  the  solution  evaporated,  and  the 
residue  treated  with  ammonia  and  yellow  ammonium  sulphide. 
This  yields  a  solution  of  the  thio-salts,  from  which  the  arsenic 
can  be  precipitated  in  the  usual  manner  (§  129),  as  the 
ammonium  magnesium  salt.  The  tin  is  thrown  down  from 
the  acidified  filtrate  as  its  sulphide  (§  129).  Eose's  method  of 
separating  arsenic  and  tin,  which  is  based  upon  the  volatility 
of  arsenic  sulphide  in  a  current  of  hydrogen  sulphide,  is  more 
complicated  than  those  which  have  just  been  explained. 

Separation  of  tin. — We  have  no  good  methods  which  are 
based  upon  the  properties  of  the  tin,  and  for  this  reason  it  is 
determined  after  the  other  metals  have  been  separated  by  the 
methods  which  have  just  been  considered.  The  solubility  of 
tin  in  hydrochloric  acid  is  sometimes  employed  to  separate  it 
from  antimony  (the  two  metals  first  being  reduced  by  zinc), 
and  the  same  result  may  be  attained   by  precipitating    the 
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antimouy  with  metallic  tin.  These  methods  are  rarely  used, 
however,  and  are  more  or  less  inexact.  WirtMer's  meiJiod: 
The  metals  must  be  present  in  their  higher  degrees  of  oxida- 
tion. The  liquid  is  diluted  to  300  cc.,  and  a  solution  of 
calcium  chloride  added  (about  fifteen  parts  of  CaClj  to  one  of 
tin).  It  is  then  neutralised  with  potassium  carbonate,  and 
potassium  cyanide  is  added ;  after  which  it  is  again  treated 
with  potassium  carbonate  until  the  calcium  is  completely  precipi- 
tated. The  solution  is  heated  to  incipient  boiling,  allowed  to 
settle,  and  the  supernatant  liquid  decanted  through  a  filter. 
The  precipitate,  still  in  the  glass,  is  then  dissolved  in  hydro- 
chloric acid,  and  again  thrown  down  by  potassium  cyanide  and 
carbonate.  The  second  precipitate  is  transferred  to  the  same 
filter,  washed,  dried,  and  strongly  ignited.  It  is  then  treated 
with  dilute  hydrochloric  acid,  which  dissolves  only  the  calcium 
carbonate,  and  the  stannic  oxide  can  be  filtered  oflF  and  deter- 
mined. In  this  method  antimony  and  arsenic  remain  in  the 
filtrate. 

StannoiLS  and  stannic  tin, — ^All  the  tin  present  is  first 
determined  as  stannic  oxide  in  one  portion  of  the  substance 
(§  129);  in  another,  the  quantity  which  is  in  the  stannous 
condition  is  estimated  by  a  volumetric  method  (see  §§150, 152). 

The  separation  of  arsenious  from  arsenic  a^ids,  and  of 
antimonious  from  antimonic  acids,  is  eflFected  in  the  same  way. 
In  one  portion  the  total  amount  of  arsenic  or  antimony  is 
found,  and  in  another  the  arsenious  or  antimonious  acid  (by 
volumetric  methods).  In  both  cases,  the  quantity  of  the 
higher  oxide  is  determined  by  calculation  from  the  results 
obtained  for  the  total  weight  and  that  of  the  lower  oxide. 

(6)  Metals  of  Group  V.,  Division  1,  from  those  of  Groups 
IV.,  III.,  II.,  I.  General  ^nethods, — Precipitation  of  the  acid 
solution  with  hydrogen  sulphide  (separation  from  Groups  I., 
II.,  and  III.),  and  precipitation  of  the  thio-salts  (separation 
from  Group  IV.)  The  precipitation  with  hydrogen  sulphide 
is  eflFected  according  to  the  directions  already  given  (§  128). 
The  solution  must  be  acidified  with  hydrochloric  acid  and  well 
diluted  with  water,  and  the  directions  given  in  §  129,  con- 
cerning the  precipitation  of  the  sulphides  of  Group  V.,  must  be 
carefully  followed.  The  precipitation  of  antimony  should  be 
effected  from  dilute  solution  and  in  presence  of  tartaric  acid. 
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This  method  does  not  suffice  for  the  separation  of  zinc  from 
arsenic  acid,  as  the  thio-salt,  Zn3(AsS4)2,  precipitates;  the 
arsenic  must  therefore  be  first  reduced  to  arsenious  acid  (hj 
sulphurous  acid).  For  the  separation  from  Group  IV.,  the 
sulphides  obtained  by  precipitation  with  hydrogen  sulphide 
(under  the  correct  conditions)  are  washed,  and  treated,  while 
still  moist,  with  yellow  ammonium  sulphide.  The  digestion 
must  be  prolonged  for  some  time,  and  the  liquid  kept  slightly 
warm.  The  residual  precipitate  is  filtered  off,  again  treated 
with  ammonium  sulphide,  filtered,  and  washed  with  ammonium 
sulphide  water.  It  consists  of  the  sulphides  of  Group  IV. 
The  solution  contains  the  thio-salts  of  the  metals  of  Group  V., 
the  sulphides  of  which  are  precipitated  by  slow  addition  of 
hydrochloric  acid.  In  separations  from  copper,  the  ammonium 
sulphide  should  be  mixed  with  sodium  sulphide.  The  use 
of  the  latter  reagent  is  permitted,  however,  only  when  mercury 
is  absent.  The  separation  of  Groups  V.  and  IV.  can  also  be 
effected  by  the  direct  addition  of  ammonium  sulphide  in 
excess,  instead  of  previous  precipitation  with  hydrogen  sul- 
phide. In  this  case,  likewise,  the  precipitate  must  be  treated 
a  second  time  with  ammonium  sulphide.  It  is  more  con- 
venient, when  possible,  to  obtain  the  thio-salts  by  fusion  (of 
the  oxides,  salts,  or  the  like)  with  3  parts  of  anhydrous 
sodium  carbonate  and  3  parts  of  sulphur,  in  a  porcelain 
crucible.  When  the  contents  of  the  crucible  have  passed 
completely  into  a  state  of  fusion  and  the  excess  of  sulphur  has 
burned  away,  the  tliio-salts  of  Group  V.  are  extracted  with 
water.     The  sulphides  of  Group  IV.  remain  undissolved. 

Special  methods. — These  are  in  many  instances  much 
simpler  than  the  foregoing.  1.  The  volatility  of  the  chlorides 
of  arsenic,  tin,  and  antimony,  affords  an  easy  separation  from 
metals  which  form  non-volatile  chlorides  (principally  from 
copper,  silver,  cobalt,  nickel).  The  operation  is  performed  in 
the  sfime  apparatus,  and  under  the  same  conditions,  as  that 
explained  in  §  128  (separation  of  mercury,  etc.).  The  same 
property  may  be  employed  in  the  separation  of  tin,  arsenic, 
and  antimony  from  Groups  I.  and  II.,  and  the  process  is  in  this 
case  much  less  complicated.  The  dry  substance  is  mixed 
with  5  parts  of  ammonium  chloride  and  ignited  in  a  porcelain 
crucible  fitted  with  a  platinum  cover,  until  all  the  ammonium 
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chloride  and  the  chlorides  of  Group  V.  have  volatilised.  The 
ignition  must  be  repeated  until  the  crucible  maintains  a  con- 
stant weight.  To  separate  tin  and  antimony  from  lead  and 
cadmium,  Jannasch  and  Eemmler  recommend  the  use  of 
bromine  instead  of  chlorine.  The  solution  is  precipitated  with 
hydrogen  sulphide,  and  the  precipitate  collected  on  a  weighed 
filter,  washed,  and  dried.  It  is  then  transferred  to  a  porcelain 
boat,  which  is  inserted  in  a  long  glass  tube,  one  end  of  which 
is  drawn  out  and  passes  into  a  receiver.  The  other  end  is 
connected  with  a  wash-bottle  containing  bromine,  the  vapour 
of  which  is  carried  over  the  sulphides  in  a  current  of  carbon 
dioxide.  The  boat  is  gently  heated  by  a  small  flame,  and  the 
tin,  antimony,  and  sulphur  driven  over  into  the  receiver  as 
their  bromides.  The  receiver  contains  dilute  hydrochloric 
acid.  The  residue  of  lead  bromide  is  treated  with  chlorine 
water,  to  convert  it  to  the  chloride,  and  weighed  as  lead 
sulphate  (§  127  e).  The  contents  of  the  receiver  are 
evaporated  to  a  small  volume  with  nitric  acid,  the  sulphuric 
acid  driven  off  in  an  open  air-bath,  and,  after  further  treatment 
with  nitric  acid,  the  residue  is  dried  and  weighed.  Instead  of 
the  precipitation  with  hydrogen  sulphide,  the  metals  or  salts 
can  be  converted  directly  to  the  sulphides  by  fusion  with 
sulphur  and  a  small  qu£intity  of  iodine,  in  a  stream  of 
hydrogen  sulphide.  The  excess  of  sulphur  is  driven  off,  and 
the  residue  treated  as  above.  For  this  operation  the  authors 
recommend  a  special  apparatus,  which  is  described  in  their 
original  article  on  the  method  {Ber,  d.  d,  chem.  Gesellschafty 
xxvL  1423). 

2.  Arsenic  and  antimony  can  be  separated  from  the  metals 
of  Groups  III.  and  IV.  by  means  of  the  soluble  salts  which 
they  form  with  the  alkalies.  Arsenic  compounds  may  be 
oxidised  by  fusion  with  sodiimi  carbonate  and  potassium 
nitrate ;  those  of  antimony  (and  also  of  arsenic)  are  oxidised 
in  the  dry  state  (in  ores,  etc.),  with  chlorine  in  presence  of 
potassium  hydroxide.  Arsenic  and  antimony  go  into  solution, 
and  the  residue  consists  of  the  metallic  oxides  of  Groups  III. 
and  IV. 

3.  Tin  is  separated  (especially  in  alloys)  by  conversion  to 
the  insoluble  metastannic  acid  on  treatment  with  nitric  acid 
(§  129).     The  method  is  inapplicable  when  manganese,  bis- 
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muth,  or  iron  are  present,  and  does  not  afford  exact  results  in 
separations  from  copper  (in  this  case  the  general  method  is 
substituted).  Tin  can  be  accurately  separated  from  the 
metals  of  Groups  I.,  IL,  and  III.,  and  also  from  copper,  by  pre- 
cipitation with  sodium  sulphate  or  ammonium  nitrate  (§  129). 
4.  Arsenic, — In  addition  to  the  employment  of  ammonium 
magnesium  arsenate,  by  which  arsenic  can  be  separated  from 
copper,  iron,  manganese,  nickel,  and  cobalt,  there  are  several 
methods  (viz.,  precipitation  as  the  arsenate  of  mercury  or 
iron,  or  as  ammonium  arsenomolybdate),  in  which  the  opera- 
tions are  the  same  as  in  the  separation  of  phosphoric  acid 
(see  Phosphorus). 

GOLD,  PLATINUM 

§  131.  I.  Determinations. — 0/  gold.  Gold  is  always  de- 
termined in  the  form  of  the  metal. 

1.  By  ignition. — (Analysis  of  compounds  containing  no 
other  constituents  which  resist  heat.)  The  ignition  is  effected 
in  a  closed  porcelain  crucible;  the  heat  being  at  first  very 
gentle,  but  afterwards  strong.     This  is  the  most  exact  method. 

2.  Bg  precipitation  from  solution  with  ferrous  sulpJuUe  or 
oxalic  acid, — (In  separations,  and  where  the  foregoing  method 
is  inapplicable.)  Whichever  precipitant  is  used,  the  solution 
must  be  free  from  nitric  acid.  When  the  latter  is  present, 
the  solution  is  evaporated  on  the  water-bath,  and  hydrochloric 
acid  added  from  time  to  time  imtil  the  nitric  acid  has  been 
completely  destroyed.  Ferrous  sulphate,  or  better  still,  ferrous 
chloride,  is  added  to  the  solution  in  a  porcelain  dish,  and  the 
mixture  then  cautiously  heated  for  an  hour  or  two.  The  pre- 
cipitate of  metallic  gold  is  washed,  dried,  and  ignited.  In 
precipitation  with  oxalic  acid  (or  ammonium  oxalate),  the 
solution  should  be  acidified  with  hydrochloric  acid,  and  allowed 
to  stand  for  two  days  in  a  covered  vessel  The  gold  sepa- 
rates in  metallic  flakes,  which  are  washed,  dried,  and  ignited. 
G.  Kriiss  precipitates  the  fairly  concentrated  gold  solution  by 
heating  it  for  half  an  hour  with  aqueous  sulphurous  acid. 
The  liquid  may  be  filtered  as  soon  as  it  has  become  clear. 

3.  By  precipitation  as  gold  sulphide  (employed  only  in 
separations).  The  very  dilute  solution  is  treated  in  the  cold 
with  hydrogen  sulphide,  and  the  precipitate  quickly  filtered 
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and  washed.     After  being  dried,  it  is  ignited  in  a  porcelain 
crucible,  and  the  residual  metallic  gold  weighed. 

Determination  of  platinum. — Platinum,  like  gold,  is  almost 
always  weighed  as  the  metal.  The  latter  is  obtained  by 
ignition  of  the  compound,  or  by  previous  precipitation  of  a 
platinichloride  or  platinum  sulphide. 

1.  By  precipitation  as  the  pkUinichloride  of  potassium  or 
ammonium, — Ammonia  is  added  to  the  concentrated  solution 
until  its  acid  (if  present)  is  almost  saturated.  The  solution  is 
then  treated  with  alcohol  and  ammonium  chloride,  and  allowed 
to  stand  for  twenty-four  hours  in  a  beaker  protected  by  a 
glass  plate.  The  precipitated  platinichloride  is  then  filtered, 
washed  with  alcohol,  and  ignited.  Proper  ignition  is  very 
important.  The  precipitate  should  be  wrapped  in  the  filter 
and  placed  in  a  weighed  porcelain  crucible,  which  is  then 
covered  and  very  carefully  ignited  until  the  ammonium 
chloride  has  been  driven  off.  The  cover  of  the  crucible  is 
finally  removed,  and  a  strong  flame  applied.  If  a  large 
quantity  of  the  precipitate  was  obtained,  its  reduction  is  pre- 
ferably effected  in  a  stream  of  hydrogen,  or  in  presence  of 
oxalic  acid.  The  estimation  as  potassium  platinichloride  is 
made  in  the  same  way,  except  that  the  precipitation  is  effected 
with  potassium  chloride  instead  of  the  ammonium  salt.  In 
exact  determinations  the  platinum  should  be  separated  and 
weighed  as  the  metaL  For  this  purpose  the  precipitate  is 
dried  at  100°  C.  (on  a  weighed  filter)  and  weighed.  A  portion 
is  then  introduced  into  a  weighed  bulb-tube  and  heated  in  a 
current  of  dry  hydrogen,  until  the  escape  of  hydrochloric  acid 
gas  has  ceased.  After  having  cooled  off  in  the  stream  of 
hydrogen,  the  potassium  chloride  is  extracted  with  water,  and 
the  metallic  platinum  dried  and  weighed  in  the  same  tube. 

2.  Bi/  ignition, — In  determining  platinum  by  ignition,  the 
directions  given  for  the  estimation  of  gold  must  be  followed. 
For  its  reduction  from  solution,  common  ferrous  sulphate  is 
added  to  the  boiling  solution  in  presence  of  potassium  hy- 
droxide. (The  iron  hydroxides  are  extracted  with  hydrochloric 
acid.) 

3.  By  precipitation  as  platinum  sulphide, — The  solutionis 
saturated  with  hydrogen  sulphide,  heated  to  incipient  boiling, 
and  the  precipitate  filtered  and  ignited. 


i  131  SEPARATIONS  858 

II.  Separations. — Platinum  is  separated  as  a  platini- 
chloride.  The  solution  is  treated  with  ammonium  or  potas- 
sium chloride,  as  already  explained,  and  the  precipitate  washed 
with  alcohol  and  ether.  The#  filtrate  contains  the  gold  as 
ammonium  aurichloride.  For  the  details  of  the  operation,  see 
the  determination  of  platinum. 

Gold  and  platinum  from  tlu  metals  of  the  other  groups,  1. 
By  the  action  of  acids  (analysis  of  alloys). — The  alloy  is  treated 
with  boiling  nitric  acid.  This  method  will  not  answer,  how- 
ever, if  it  contains  less  than  80  per  cent  of  silver  or  lead,  and 
in  such  cases  the  substance  must  be  fused  with  three  parts  of 
lead  before  its  treatment  with  nitric  acid.  Sulphuric  acid 
(two  parts  of  the  acid  to  one  of  water)  may  also  be  employed. 
The  alloy  is  heated  with  the  acid  in  a  platinum  dish,  and  ex- 
tracted with  water;  gold  remains  in  the  residue,  and  the 
other  metals  go  into  solution  as  their  sulphates.  Fusion  with 
acid  potassium  sulphate  is  a  still  more  convenient  method 
for  the  separation  of  platinum  and  gold  from  other  metals. 
Nitric  acid  cannot  be  employed  when  platinum  is  present,  as 
a  small  quantity  of  the  metal  is  very  apt  to  be  dissolved  by 
this  reagent. 

1.  By  reduction  to  the  foetallic  state. — The  separation  of 
gold  and  platinum  can  be  effected  by  their  reduction  from  solu- 
tion, with  ferrous  sulphate  or  oxalic  acid,  and  that  of  platinum 
by  precipitation  as  a  platinichloride.  The  methods  are  the 
same  as  for  the  simple  determination  of  the  metals.  They 
cannot  be  employed  in  presence  of  silver  or  lead.  In  the 
analysis  of  certain  gold  ores,  finally  (its  compounds  with  anti- 
mony, tellurium,  etc.),  the  substance  is  treated  with  chlorine : 
neither  aurous  nor  platinous  chloride  is  volatile. 
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GRAVIMETRIC  DETERMINATION  AND  SEPARA- 
TION OF  THE  METALLOIDS 

HALOGENS 
OHLOBINE,  BBOMINE,  IODINE 

§  132.  I.  DeterminatioxL — The  determination  of  the  hy- 
drogen acids  and  of  haloid  salts  is  almost  invariably  effected 
by  precipitation  of  the  respective  silver  compound  (that  of 
iodine  occasionally  by  means  of  palladious  iodide).  The  free 
halogens  are  most  readily  estimated  by  volumetric  methods 
(see  Volumetric  Analysis,  Section  II.) 

Ohlorine,  in  hydrochloric  acid  and  chlorides,  is  most  usually 
determined  as  silver  chloride.  The  solution  is  acidified  with 
nitric  acid,  and  precipitated  by  silver  nitrate.  The  pre- 
cipitate must  be  heated  and  well  stirred,  to  bring  about 
coagulation.  Directions  for  its  washing  and  determination 
are  given  in  §  127.  This  method  effects  the  separation  of 
chlorine  from  the  metals  in  almost  all  soluble  chlorides  (the 
metal  is  determined  in  the  filtrate  from  the  silver  chloride). 
A  very  few  salts,  however,  form  exceptions  to  this  rule,  and 
in  their  analysis  the  processes  must  be  reversed  (the  metal  is 
first  precipitated,  and  the  chlorine  determined  in  the  filtrate). 
To  analyse  stannic  chloride,  for  instance,  the  tin  must  first  be 
thrown  down  as  stannic  acid  by  ammonium  nitrate  (§  129), 
In  the  analysis  of  mercuric  chloride  and  of  antimony  tri- 
chloride, the  metals  are  first  separated  by  means  of  hydrogen 
sulphide  (§§  127  and  129).  A  solution  of  chromic  chlorid.e 
(the  green  variety)  does  not  deposit  all  its  chlorine  on  >the 
addition  of  silver  nitrate,  and  the  chromium  must  the  ^lefore 
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be  precipitated  by  ammonia  (§  121)  before  the  chlorine  can 
be  determined.  In  all  such  cases  the  chlorine  is  precipitated 
from  the  filtrate  in  the  usual  manner.  Chlorides  which  are 
insoluble  in  water  or  dilute  nitric  acid  can  be  brought  into 
solution  by  various  means:  lead  chloride,  by  the  prolonged 
action  of  sodium  bicarbonate  at  the  ordinary  temperature; 
silver  chloride,  by  fusion  with  tlie  carbonates  of  sodium 
and  potassium,  or  by  the  action  of  zinc  and  sulphuric  acid ; 
mercurous  chloride,  by  treatment  with  potassium  hydroxide. 
The  chlorine  is  determined  in  the  filtrate  (from  the  precipitate 
of  the  base),  after  acidulation  with  nitric  acid.  If  only  the 
metal  in  a  chloride  is  to  be  determined,  it  is  convenient  to 
evaporate  the  solution  to  dryness  with  sulphuric  acid  and  weigh 
the  metal  as  sulphate  (not  always  possible). 

The  determination  of  bromine,  in  hydrobromic  acid  and 
bromides  (and'  also  the  separation  from  the  metals  mentioned 
above)  is  made  in  all  cases  like  that  of  chlorine. 

The  determination  of  iodine  as  silver  iodide  is  made  under 
the  same  conditions  as  that  of  chlorine  or  bromine.  When 
iodine  is  to  be  separated  from  the  other  halogens,  it  is 
usually  estimated  as  palladious  iodide,  by  precipitation  of  the 
solution  with  palladious  chloride,  after  acidulation  with  hydro- 
chloric acid.  The  precipitate  is  allowed  to  settle  at  a  gentle 
heat,  collected  on  a  weighed  filter,  and  dried  at  80*"  C.  The 
determination  can  also  be  made  by  ignition  of  the  precipitate 
and  calculation  of  the  iodine  from  the  weight  of  the  residual 
metallic  palladium.  Insoluble  iodides  (Pdl^  and  Cul  in  par- 
ticular) are  brought  into  solution  by  boiling  with  potassium 
hydroxide,  or  through  the  action  of  nitric  acid;  the  former 
reaction  is  to  be  preferred,  as  nitric  acid  may  precipitate  some 
of  the  iodine.  Many  of  the  insoluble  salts,  further,  dissolve  in 
sodium  thiosulphate.  If  this  method  be  employed,  the  metal 
is  precipitated  by  ammonium  sulphide,  and  the  solution  evapo- 
rated to  dryness  with  sodium  hydroxide.  The  residue  is  then 
dissolved  in  water,  ferric  chloride  and  hydrochloric  acid  are 
added,  and  the  iodine  is  distilled  into  a  receiver  and  estimated 
volumetrically. 

II.  Separation  of  the  halogens  in  hydrogen  acids  and 
haloid  salts. 

Separation  of  chlorine  and  bromine, — For  this  object  two 
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operations  are  necessary.  In  the  first,  the  chlorine  and 
bromine  are  determined  together,  by  precipitation  with  silver 
nitrate  in  the  usual  manner.  One  gram  of  the  substance  is 
then  dissolved  in  5  0  c.c.  of  water  and  a  solution  of  acid  potas- 
sium sulphate  (3  gr.  in  30  c.c.  water),  and  one  of  potassium 
permanganate  (1  :  50)  are  added.  The  bromine  is  thus  liber- 
ated from  its  compound,  and  is  drawn  by  means  of  an  aspirator 
into  a  Will  and  Varrentrapp's  apparatus  (see  Section  III.. 
Analysis  of  Organic  Compounds),  which  contains  a  solution 
of  sodium  hydroxide  (1  :  50).  The  chloride  remains  in  the 
flask,  and  its  chlorine  can  be  determined  as  usual,  after  the 
potassium  permanganate  has  been  decomposed  by  alcohol. 
The  bromine  carried  over  into  the  receiver  is  also  estimated 
by  the  usual  method,  the  sodium  hypobromite  first  being  de- 
composed by  ammonia  and  the  solution  then  acidified  with 
nitric  acid  {Zcitschrift  fiir  anabjtische  ChemiCy  1S85,  p.  185). 

Separation  of  iodine,  1.  As  palladious  iodide, — The  sum 
of  the  chlorine  and  iodine  is  first  determined  (by  precipitation 
Mrith  silver  nitrate;  §  132,  I.),  and  the  iodine  in  another 
portion  of  the  substance  is  then  precipitated  by  palladious 
chloride,  as  in  §  132,  I.  The  quantity  of  iodine  having  been 
found,  that  of  the  chlorine  is  calculated  from  the  difference. 
It  is  advantageous  to  have  the  iodine  in  concentrated  solution, 
and  if  only  a  small  quantity  is  present,  the  liquid  should  be 
evaporated  to  dryness  with  sodium  carbonate  and  extracted 
with  alcohol.  The  alcoholic  solution  is  then  evaporated  to 
dryness,  the  residue  dissolved  in  water,  and  the  iodine  deter- 
mined in  this  solution.  If  all  three  halogens  are  present,  the 
excess  of  palladium  in  the  filtrate  from  the  palladious  iodide  is 
removed  by  hydrogen  sulphide,  and  the  latter  destroyed  by 
ferric  sulphate  (see  below).  The  bromine  is  then  determined 
by  the  indirect  method.  To  find  the  chlorine,  all  the  halogens 
in  another  portion  of  the  sul)stance  are  precipitated  together 
by  silver  nitrate,  and  the  chlorine  estimated  by  subtraction 
of  the  iodine  and  bromine  from  the  result  obtained. 

2.  As  thallious  iodide. — The  solution  of  the  alkali  haloids, 
which  must  l>e  neutral  and  dilute,  is  treated  with  a  saturated 
solution  of  thallic  nitrate ;  the  reagent  should  be  added 
gradually  (a  burette  may  be  employed  with  advantage),  as  long 
as  a  yellow  precipitate  continues  to  separate.     The  appearance 
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of  a  white  precipitate  which  goes  into  solution  again  on  being 
stirred  indicates  that  the  reaction  is  complete,  and  the  addition 
of  the  thallic  nitrate  is  then  stopped.  The  liquid  is  allowed 
to  stand  for  eight  hours,  filtered  through  a  weighed  filter,  and 
the  precipitate  washed  with  as  little  water  as  possible.  It 
must  be  dried  at  100°  C.  (Hiibner).  The  chlorine  and  bromine 
are  determined  as  above. 

3.    Chromic  acid  in  dilute   solution  decomposes  only  the 
iodides,  according  to  the  equation : 

6KI 4-  SCrOg  =  61  +  CrgOj  +  SKgCrgOy. 

The  reaction  is  induced  in  a  flask,  and  the  iodine  distilled, 
by  means  of  a  current  of  steam,  into  a  receiver ;  after  which  it 
is  volumetrically  estimated.  (For  the  details  of  the  method 
see  Volumetric  Analysis.) 

Indirect  determinations.  Chlorine  from  bromine,  chlorine 
from  iodine, — The  theory  of  this  method  was  explained  in  §§ 
123  and  117.  The  total  weight  of  the  halogens  present  is 
learned  by  precipitation  with  silver  nitrate,  asin§132,  I.  A 
portion  of  the  precipitate  is  next  transferred  to  a  weighed  bulb- 
tube  (by  fusion  and  pouring  out  from  the  crucible)  and  weighed. 
A  current  of  dry  chlorine  or  hydrogen  is  then  passed  through 
the  tube,  and  the  latter  heated.  The  operation  is  continued 
until  the  weight  of  the  tube  remains  constant.  If  chlorine 
was  used,  the  substance  has  now  been  completely  converted  to 
silver  chloride  (the  bromine  or  iodine  has  been  displaced,  and 
there  is  consequently  a  loss  in  weight) ;  if  hydrogen,  metallic 
silver  is  obtained.  The  calculation  is  made  according  to  §  117, 
and  the  quantity  of  silver  bromide  having  been  found,  and  sub- 
tracted from  the  weight  of  the  original  silver  salts,  the  re- 
mainder gives  the  weight  of  the  silver  chloride.  The  halogens 
themselves  are  then  calculated  from  the  respective  silver  salts. 
If  the  silver  salts  were  reduced  with  hydrogen,  the  metallic 
silver  is  calculated  to  silver  chloride;  comparison  with  the 
total  weight  of  the  silver  salts  will  show  the  same  difference 
as  in  the  foregoing  case,  and  the  necessary  data  are  found  in 
the  same  way.  To  make  the  method  generally  applicable,  e.g., 
even  when  the  quantity  of  bromine  is  small  in  proportion 
to  that  of  chlorine,  fractional  precipitation  is  employed 
(Fehling).     The  sum  of  the  halogens  is  first  determined  by 
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operations  are  necessary.  In  the  first,  the  cMoriue  and 
bromine  are  determined  together,  by  precipitation  with  silver 
nitrate  in  the  usual  manner.  One  gram  of  the  substance  is 
then  dissolved  in  50  c.c.  of  water  and  a  solution  of  acid  potas- 
sium sulphate  (3  gr.  in  30  c.c.  water),  and  one  of  potassium 
permanganate  (1  :  50)  are  added.  The  bromine  is  thus  liber- 
ated from  its  compound,  and  is  drawn  by  means  of  an  aspirator 
into  a  Will  and  Varrentrapp*s  apparatus  (see  Section  III., 
Analysis  of  Organic  Compounds),  which  contains  a  solution 
of  sodium  hydroxide  (1  :  50).  The  chloride  remains  in  the 
flask,  and  its  chlorine  can  be  determined  as  usual,  after  the 
potassium  permanganate  has  been  decomposed  by  alcohol. 
The  bix)mine  carried  over  into  the  receiver  is  also  estimated 
by  the  usual  method,  the  sodium  hypobromite  first  being  de- 
composed by  ammonia  and  the  solution  then  acidified  with 
nitric  acid  {Zeitschrift  fiir  analytische  CJiemie,  1S85,  p.  185). 

Separation  of  iodine.  1.  As  palladimis  iodide, — The  sum 
of  the  chlorine  and  iodine  is  first  determined  (by  precipitation 
with  silver  nitrate;  §  132,  I.),  and  the  iodine  in  another 
portion  of  the  substance  is  then  precipitated  by  palladious 
chloride,  as  in  §  132,  I.  The  quantity  of  iodine  having  been 
found,  that  of  the  chlorine  is  calculated  from  the  difference. 
It  is  advantageous  to  have  the  iodine  in  concentrated  solution, 
and  if  only  a  small  quantity  is  present,  the  liquid  should  be 
evaporated  to  dryness  with  sodium  carbonate  and  extracted 
with  alcohol  The  alcoholic  solution  is  then  evaporated  to 
dryness,  the  residue  dissolved  in  water,  and  the  iodine  deter- 
mined in  this  solution.  If  all  three  halogens  are  present,  the 
excess  of  palladium  in  the  filtrate  from  the  palladious  iodide  is 
removed  by  hydrogen  sulphide,  and  the  latter  destroyed  by 
ferric  sulphate  (see  below).  The  bromine  is  then  determined 
by  the  indirect  method.  To  find  the  chlorine,  all  the  halogens 
in  another  portion  of  the  substance  are  precipitated  together 
by  silver  nitrate,  and  the  chlorine  estimated  by  subtraction 
of  the  iodine  and  bromine  from  the  result  obtained. 

2.  As  tJiallious  iodide, — The  solution  of  the  alkali  haloids, 
which  must  be  neutral  and  dilute,  is  treated  with  a  saturated 
solution  of  thallic  nitrate ;  the  reagent  should  be  added 
gradually  (a  burette  may  be  employed  with  advantage),  as  long 
as  a  yellow  precipitate  continues  to  separate.     The  appearance 
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of  a  white  precipitate  which  goes  into  solution  again  on  being 
stirred  indicates  that  the  reaction  is  complete,  and  the  addition 
of  the  thallic  nitrate  is  then  stopped.  The  liquid  is  allowed 
to  stand  for  eight  hours,  filtered  through  a  weighed  filter,  and 
the  precipitate  washed  with  as  little  water  as  possible.  It 
must  be  dried  at  100°  C.  (Hiibner).  The  chlorine  and  bromine 
are  determined  as  above. 

3.    Chromic  acid  in  dilute   solution  decomposes  only  the 
iodides,  according  to  the  equation : 

6KI 4-  SCrOg  =  61  +  CrgOg  4-  SKgOjOy. 

The  reaction  is  induced  in  a  flask,  and  the  iodine  distilled, 
by  means  of  a  current  of  steam,  into  a  receiver ;  after  which  it 
is  volumetrically  estimated.  (For  the  details  of  the  method 
see  Volumetric  Analysis.) 

Indirect  determinations.  Chlorine  from  bromine,  chlorine 
from  iodine. — The  theory  of  this  method  was  explained  in  §§ 
123  and  117.  The  total  weight  of  the  halogens  present  is 
learned  by  precipitation  with  silver  nitrate,  as  in  §  132,  I.  A 
portion  of  the  precipitate  is  next  transferred  to  a  weighed  bulb- 
tube  (by  fusion  and  pouring  out  from  the  crucible)  and  weighed. 
A  current  of  dry  chlorine  or  hydrogen  is  then  passed  through 
the  tube,  and  the  latter  heated.  The  operation  is  continued 
until  the  weight  of  the  tube  remains  constant.  If  chlorine 
was  used,  the  substance  has  now  been  completely  converted  to 
silver  chloride  (the  bromine  or  iodine  has  been  displaced,  and 
there  is  consequently  a  loss  in  weight) ;  if  hydrogen,  metallic 
silver  is  obtained.  The  calculation  is  made  according  to  §  117, 
and  the  quantity  of  silver  bromide  having  been  found,  and  sub- 
tracted from  the  weight  of  the  original  silver  salts,  the  re- 
mainder gives  the  weight  of  the  silver  chloride.  The  halogens 
themselves  are  then  calculated  from  the  respective  silver  salts. 
If  the  silver  salts  were  reduced  with  hydrogen,  the  metallic 
silver  is  calculated  to  silver  chloride;  comparison  with  the 
total  weight  of  the  silver  salts  will  show  the  same  difference 
as  in  the  foregoing  case,  and  the  necessary  data  are  found  in 
the  same  way.  To  make  the  method  generally  applicable,  e.g., 
even  when  the  quantity  of  bromine  is  small  in  proportion 
to  that  of  chlorine,  fractional  precipitation  is  employed 
(Fehling).     The  sum  of  the  halogens  is  first  determined  by 
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precipitation  with  silver  nitrate ;  another  portion  of  the 
substance  is  then  treated  with  silver  nitrate,  in  a  quantity 
insufficient  to  cause  complete  precipitation  (^,  ^,  ^  of  the 
amount  necessary  for  complete  precipitation  is  used,  according 
to  the  probable  quantity  of  bromine  present),  and  the  liquid 
allowed  to  stand  for  several  hours,  with  repeated  stirring.  All 
the  bromine  (or  iodine)  will  then  be  found  in  the  precipitate, 
since  the  silver  chloride  originally  deposited  will  be  converted 
to  the  bromide  (or  iodide)  by  the  prolonged  action  of  potassium 
bromide  (or  iodide).  It  must  be  remarked  that  silver  bromide 
does  not  completely  pass  into  the  iodide  when  treated  with  the 
potassium  salt  of  the  latter  halogen.  The  precipitate  is  weighed, 
and  then  treated  with  chlorine  as  above.  The  loss  of  weight 
is  calculated  to  the  whole  of  the  precipitate,  and  from  this 
value  the  quantity  of  silver  bromide  (or  iodide)  is  found  as 
above.  The  weight  of  silver  chloride  is  obtained  by  sub- 
traction of  that  of  the  bromide  from  their  combined  weight, 
and  from  the  silver  salts  the  halogens  themselves  are  cal- 
culated. 

OXYAOIDS  OF  THE  HALOGENS 

Hjrpochloroos  acid  can  be  estimated  by  reduction  with 
zinc  and  sulphuric  acid,  and  subsequent  precipitation  with  silver 
nitrate,  but  gravimetric  methods  are  rarely  employed  for  its 
determination.  Its  compounds  (chiefly  bleaching  powder)  are 
principally  of  technical  importance.  The  volumetric  methods 
are  numerous,  and  are  grouped  together  under  the  name  "Chlori- 
metry "  (only  the  chlorine  which  can  be  liberated  from  the 
bleaching  powder  is  important  in  technical  questions).  These 
methods  will  be  more  closely  studied  in  the  section  on  Volu- 
metric Analysis. 

Chloric  add  can  be  determined  gravimetrically  (by 
reduction  with  zinc  and  sulphuric  acid  and  precipitation  with 
silver  nitrate),  but  the  volumetric  methods  are  much  more  con- 
venient. In  the  latter,  the  amount  of  iodine  liberated  in  the 
reaction  between  potassium  iodide  and  the  chlorate  in  presence 
of  hydrochloric  acid  is  determined: 

KCIO3  +  6KI 4-  6HC1  =  61  +  7KC1  +  SHgO. 
To  separate  chlorates  from  chlorides  the  former  are  con- 
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verted  tx)  chlorides  by  ignition  and  the  total  chlorine  then 
determined  by  precipitation  with  silver  nitrate.  The  chloric 
acid  is  next  estimated,  in  a  second  portion  of  the  substance,  by 
a  volumetric  method,  and  the  quantity  of  chloride  found  from 
these  two  data. 

Iodic  acid  is  estimated  volumetrically  by  the  action  of 
fuming  hydrochloric  acid.  The  chlorine  set  free  is  led  into 
a  solution  of  potassium  iodide,  and  the  liberated  iodine  deter- 
mined : 

HIO3  4-  6HC1  =  ICl  4-  4C1  +  SHoO. 

FLUOBINE 

§  133.  The  fluorine  of  fluorides  is  always  determined  as 
calcium  fluoride.  Acid  solutions  and  free  hydrofluoric  acid 
must  first  be  neutralised  by  an  excess  of  sodium  carbonate,  and 
any  precipitate  which  forms  filtered  off  (it  must  be  examined 
for  fluorine).  Calcium  chloride  is  then  added,  and  the  precipi- 
tate allowed  to  settle,  washed  by  decantation  and  on  the  filter, 
with  hot  water,  dried,  and  gently  ignited  in  a  platinum  crucible. 
To  remove  the  calcium  carbonate  which  it  contains,  it  is  treated 
with  acetic  acid  (in  a  platinum  crucible  or  porcelain  dish), 
evaporated  to  dryness  on  the  water-bath,  and  extracted  with 
water.  The  calcium  fluoride  remains  undissolved,  and  after 
filtration  and  drying,  is  again  ignited  and  weighed.  Neutral 
solutions  are  directly  precipitated  (in  a  platinum  dish)  with 
calcium  chloride,  boiled,  and  the  precipitate  allowed  to  settle. 
It  is  first  washed  by  decantation,  and  then  treated  as  above. 
Insoluble  anhydrous  fluorides  are  heated  with  concentrated 
sulphuric  acid,  ignited,  and  weighed.  The  hydrofluoric  acid  is 
in  this  case  estimated  from  the  difference,  the  metal  being  cal- 
culated from  the  weight  of  its  sulphate  if  the  latter  is  unde- 
composed.  If  the  salt  does  decompose  on  ignition,  the  metal  in 
the  residue  must  be  determined,  and  the  fluorine  then  calculated. 
Hydrated  fluorides  can  be  analysed  in  the  same  manner,  but 
the  loss  found  comprises  both  the  fluorine  and  water.  A 
determination  of  the  latter  is  therefore  necessary ;  it  can  be 
made  by  gentle  ignition  of  a  new  portion  of  the  substance.  If 
some  other  acid  be  present  which  volatilises  on  ignition,  the 
substance  must  previously  be  mixed  with  an  excess  of  lead 
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monoxide  (to  hold  the  acid  back).  The  ignition  isefifected  in 
a  small  weighed  retort.  The  weight  of  the  water  having  been 
found,  that  of  tlie  fluorine  is  determined  from  the  data  of  the 
two  analyses  (see  Silicon). 

Hydrofiuosilicic  acid, — The  salts  are  most  conveniently 
analysed  by  treatment  with  hot  concentrated  sulphuric  acid  in 
a  platinum  dish,  the  hydrofiuosilicic  acid  being  calculated  from 
the  metal  in  the  residual  sulphate.  The  determination  of  the 
water  in  hydrated  salts  is  made  as  in  fluorides.  Free  hydro- 
fluosilicic  acid  is  estimated  by  precipitation  with  potassium 
chloride,  in  alcoholic  solution  (equal  volumes  of  alcohol  and 
water).  The  potassium  silicofluoride  is  then  transferred  to  a 
weighed  filter,  washed,  and  dried  at  100°  C.  Its  formula  is 
K^SiF^. 

Separation. — Fluorine  is  separated  from  the  halogens  by 
precipitation  with  calcium  nitrate.  The  halogens  remain  in 
solution,  and  are  determined  in  the  filtrate. 

SULPHTJB 

§  134.  a.  Determination  of  Hydrogen  Sulphide  and  of 
Sulphur  in  Metallic  Sulphides. — According  to  Mohr,  the 
hydrogen  sulphide  is  precipitated  by  a  weighed  quantity  of 
sodium  arsenite  in  excess,  and  the  excess  of  the  reagent  then 
estimated  volumetrically  with  iodine  (see  Volumetric  Analysis). 
The  gravimetric  estimation  is  efiected  by  precipitation  with 
arsenious  acid  (and  weighing  of  the  AsgS^  obtained,  §  129),  or 
by  one  of  the  following  methods. 

Sidphid^^. — Methods  based  upon  the  precipitation  of  zinc 
sulphide  or  arsenic  trisulphide  are  less  exact  than  those  in 
which  the  sulphur  is  converted  to  sulphuric  acid. 

Oxidatio7i  ly  the  dry  way, — The  sulphides,  which  must 
lose  no  sulphur  when  lieated,  are  mixed,  by  means  of  a  glass 
rod,  with  6  parts  anhydrous  sodium  carbonate  and  4  parts 
potassium  nitrate,  in  a  cnicible  of  either  porcelain  or  platinum. 
To  clean  the  rod,  the  substance  adhering  to  it  is  rubbed  off  with 
sodium  carbonate.  The  crucible  is  at  first  gently  heated,  and 
the  mixture  finally  brought  into  a  state  of  complete  fusion.  It 
is  then  extracted  with  water,  filtered,  and  the  sulphuric  acid 
which  it  contains  determined  (the  barium  sulphate  must  be 
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purified ;  see  below).  If  the  sulphide  under  analysis  parts  with 
sulphur  on  being  heated, 'it  is  mixed,  in  the  same  manner  as 
above  with  4  parts  Na^COg,  8  parts  KNOg,  and  24  parts  NaCL 
Fusion  with  potassium  chlorate  (or  nitrate)  is  not  so  expedient, 
since  the  potassium  chlorate  decomposes  before  complete  oxida- 
tion has  been  able  to  take  place,  and  also  because  a  loss  is  apt 
to  ensue  from  spattering.  The  substance  can  also  be  fused 
with  4  parts  of  sodium  peroxide  and  2  parts  of  sodium  car- 
bonate in  a  thick  silver  crucible;  the  latter  must  remain 
covered  throughout  the  operation  (Hempel). 

Oxidation  vnth  chloHrie. — The  substance  is  placed  in  a 
bulb -tube,  one  end  of  which  is  connected  with  a  chlorine 
generator  and  the  other  with  a  receiver  containing  water  (if 
the  substance  contains  antimony,  the  receiver  is  filled  with  a 
solution  of  tartaric  acid).  When  the  air  in  the  tube  has  been 
completely  displaced  by  chlorine,  and  the  reaction  has  proceeded 
as  far  as  it  can  in  the  cold,  the  bulb  is  heated.  The  sulphur 
chloride  which  forms  distils  over  into  the  receiver,  and  is  there 
decomposed  to  sulphur  and  sulphuric  acid  by  the  excess  of 
chlorine.  The  sulphur  is  then  collected  on  a  weighed  filter, 
and  the  sulphuric  acid  determined  as  in  &.  (The  method  is 
applicable  in  the  analysis  of  many  mineral  sulphides;  see 
Examples  of  Grav.  Anal.)  Sauer  has  elaborated  a  method 
in  which  the  sulphides  are  heated  in  a  stream  of  air  or  oxygen, 
and  the  sulphurous  acid  evolved  absorbed  in  bromine  water. 
The  sulphuric  acid  thus  formed  is  determined  as  in  6  {ZeU- 
schriftfilr  analytische  (Jhemie,  1883,  p.  581).  This  method 
is  very  well  fitted  for  the  estimation  of  sulphur  in  pyrites, 
coals,  etc. 

Oxidation  by  the  wet  way. — The  sulphides  are  weighed  in 
a  small  glass  tube,  closed  at  one  end,  and  placed  in  a  capacious 
flask,  which  is  provided  with  a  glass  stopper  and  contains 
enough  fuming  nitric  acid  to  completely  decompose  the 
mineral  When  the  reaction  has  subsided,  the  contents  of  the 
flask  are  shaken  about,  and  if  this  causes  no  further  reaction 
the  stopper  is  taken  out,  rinsed  with  water,  and  the  flask 
cautiously  warmed.  The  sulphuric  acid  is  then  determined 
by  the  usual  method.  Should  a  portion  of  the  sulphur  remain 
undissolved,  concentrated  hydrochloric  acid  and  a  few  pieces 
of  potassium  chlorate  must  be  added,  and  the  flask  placed  on 
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the  water -bath.  If  this  operation  does  not  effect  complete 
oxidation,  the  sulphur  is  filtered  off  on  a  weighed  filter,  and  its 
weight  determined.  The  sulphur  thus  obtained  must  be 
burned  away  in  a  porcelain  crucible  after  its  weighing,  to 
ascertain  whether  it  actually  leaves  no  residue.  The  sulphides 
may  be  directly  treated,  in  the  above  manner,  with  potassium 
chlorate  and  hydrochloric  or  nitric  acid,  the  latter  being 
preferred;  this  method  is  to  be  especially  recommended.  A 
method  in  which  the  sulphur  undergoes  oxidation  more  slowly 
consists  in  digestion  of  the  finely  powdered  mineral  for  some 
hours  with  a  solution  of  potassium  hydroxide,  and  final  treat- 
ment of  the  latter  with  gaseous  chlorine.  The  precipitate  is 
then  filtered  off,  the  filtrate  acidified  witli  hydrochloric  acid, 
and  the  sulphuric  acid  determined  by  precipitation  with 
barium  chloride.  It  should  be  ascertained  in  all  of  these 
methods  that  the  barium  sulphate  obtained  is  pure.  The 
presence  of  an  excess  of  ferric  salts  makes  the  determination 
inaccurate. 

b.  The  determination  of  snlphnric  acid  by  gravimetric 
methods  (and  sometimes  by  volumetric)  is  accomplished  by 
means  of  barium  sulphate.  Determination  as  barium  sidphaie  : 
It  is  much  more  difficult,  to  estimate  sulphuric  acid  in  the 
form  of  this  salt  than  to  determine  barium  by  its  means  (§11 8), 
since  when  the  solution  of  a  sulphate  is  precipitated  by  barium 
chloride,  the  precipitate  is  apt  to  carry  down  certain  soluble 
salts  (especially  when  chlorates  and  nitrates  are  present).  The 
precipitation  is  made  in  presence  of  free  hydrochloric  acid,  as 
in  §  118,  and  the  barium  sulphate  must  be  washed  with  hot 
water  until  the  filtrate  gives  no  test  for  barium.  When  pre- 
cipitated from  such  solutions  as  were  obtained  in  a,  the  salt 
must  be  purified  after  its  ignition  and  weigliing.  If  chlorates 
or  nitrates  were  present,  it  is  sufficient  to  boil  the  precipitate 
with  hydrochloric  acid  (the  latter  is  removed  by  evaporation) 
and  wash  the  residue  with  water.  If  potassium  or  sodium 
nitrate  was  present,  however,  this  operation  is  not  enough, 
even  if  repeated  several  times.  In  such  cases  it  is  advisable 
to  fuse  the  ignited  precipitate  with  sodium  carbonate,  extract 
the  residue  with  water,  and  reprecipitate  the  solution  with 
barium  chloride.  Concerning  the  separation  of  sulphuric  acid 
from  the  metals  in  insoluble  sulphates  (the  soluble  salts  are 
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analysed  as  above)  the  following  remarks  may  be  made.  The 
sulphates  of  barium,  strontium,  and  calcium  are  fused  with 
five  parts  of  sodium  carbonate,  in  a  platinum  crucible.  When 
the  operation  is  finished,  the  crucible  is  placed  in  a  porcelain 
dish,  boiled  with  water,  and  the  precipitate  filtered  and  washed 
with  water  containing  ammonia  and  ammonium  carbonate. 
The  precipitate  consists  of  the  carbonates  of  barium,  strontium, 
and  calcium  (§11 8),  and  the  sulphuric  acid  passes  into  the 
filtrate.  The  salts  of  calcium  and  strontium  also  decompose 
when  boiled  with  sodium  carbonate  (barium  sulphate  barely 
does  so).  Lead  sulphate  is  converted  to  the  carbonate  by 
sodium  carbonate  even  at  the  ordinary  temperature. 

Snlphnrous  acid  and  sulphites  are  converted  to  sulphuric 
acid  for  their  gravimetric  estimation.  The  solution  may  be 
saturated  with  chlorine  and  heated,  or  the  substance  be  fused 
with  sodium  carbonate  and  potassium  nitrate.  The  sulphuric 
acid  obtained  is  then  determined  as  above. 

Thiosnlphates  (and  also  the  polythionates)  are  gravimetric- 
ally  estimated  in  the  same  manner  as  sulphurous  acid. 

Separations. — Hydrogen  sulpliide  is  separated  from  sul- 
phuric acid  by  means  of  cupric  chloride.  From  the  halogens : 
The  solution  is  precipitated  by  silver  nitrate,  and  the  precipi- 
tate, which  contains  both  silver  sulphide  and  the  haloid  salts, 
is  filtered  upon  a  weighed  filter,  dried  at  100°  C,  and  weighed. 
The  sulphur  in  a  portion  of  it  is  then  determined  according  to 
one  of  the  methods  in  a.  If  the  hydrogen  sulphide  is  simply 
to  be  removed  from  the  solution,  ferric  sulphate  may  be 
employed.  Sulphuric  acid  is  separated  from  the  halogens  by 
means  of  a  barium  salt  (the  nitrate  or  acetate),  and  from  fluorine 
by  the  usual  method.  (Tlie  purity  of  the  precipitate  must 
be  ascertained  as  above.)  Insoluble  fluorides  must  be  fused 
with  six  parts  of  the  carbonates  of  sodium  and  potassium  and 
two  parts  of  silica.  The  product  is  then  extracted  with  water, 
and  the  solution  acidified  with  hydrochloric  acid  and  pre- 
cipitated by  barium  chloride.  To  separate  sulphuric  acid  from 
hydrofluosilicic  acid,  the  latter  is  first  thrown  down  as  its 
potassium  salt  (§  133). 

NITROGEN 

§  136.    Determination    of   Ammonia.  —  The    methods 
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have  been  described  in  §  116.  Cyanogen  compounds  can  also 
be  analysed  by  conversion  to  ammonia,  the  change  being 
effected  by  the  action  of  soda-lime  upon  them  at  a  high  tem- 
perature. (The  method  is  the  same  as  that  for  the  detennina- 
tiou  of  nitrogen  in  organic  substances,  according  to  Varrentrapp 
and  Will ;  see  Section  III.,  Analysis  of  Organic  Compounds.) 

Determination  of  hydrocyanic  acid  and  of  the  cyanogen 
in  cyanides.  Free  hydrocyanic  acid  is  determined  by  precipi- 
tation with  silver  nitrate.  The  reagent  having  been  added, 
the  precipitate  is  treated  with  dilute  nitric  acid,  allowed  to 
settle  in  the  cold,  and  filtered  through  a  weighed  filter.  It  is 
then  dried  at  100°  C.  and  its  weight  ascertained.  It  may  also 
be  ignited  in  a  porcelain  crucible  until  the  weight  of  the 
residual  metallic  silver  remains  constant. 

In  cyanides  which  are  soluble  in  water  or  nitric  acid  (the 
latter  completely  decomposes  the  double  salts)  the  cyanogen 
is  determined  as  silver  cyanide,  according  to  the  above  direc- 
tions. The  analysis  of  mercuric  cyanide  by  this  method  is 
impossible,  however,  and  the  mercury  must  first  be  precipitated 
by  hydrogen  sulphide  (§  127).  To  determine  the  cyanogen, 
another  portion  of  the  salt  is  ignited  with  cupric  oxide,  and 
the  volume  of  the  free  nitrogen  formed  is  measured  (after  its 
purification  from  carbon  dioxide ;  see  below).  These  methods 
are  inapplicable  in  the  analysis  of  certain  double  salts,  and  the 
latter  are  therefore  treated  in  the  following  manner. 

Decomposition  with  mercuric  oxide  (applicable  to  the  double 
salts  of  Ni,  Mn,  Fe,  but  not  of  Co).  The  salt  is  boiled  for 
some  time  with  mercuric  oxide,  and  the  alkaline  solution  then 
almost  neutralised  by  nitric  acid.  The  metallic  oxide,  the  salt 
of  which  was  decomposed,  is  obtained  with  the  excess  of 
mercuric  oxide  in  the  precipitate :  on  ignition  of  the  latter 
the  mercuric  oxide  volatilises,  and  the  metallic  oxide  is 
obtained  as  a  residue.  The  cyanogen  passes  into  solution  as 
mercuric  cyanide,  and  is  estimated  as  above. 

Determination  of  the  cyanogen  by  loss. — The  salt  is  moistened 
with  sulphuric  acid  (3  parts  H^jSO^,  1  part  water)  in  a  plati- 
num dish,  and  ignited  at  first  gently,  then  at  a  greater  heat, 
until  all  the  free  sulphuric  acid  has  volatilised.  If  the  result- 
ing sulphate  is  stable,  it  can  be  directly  weighed  ;  if  not,  the 
metal  is  determined  by  the  usual  methods,  the  cyanogen  being 
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in  both  cases  found  from  the  difiference.  Neutral  mercuric 
sulphate  (6  parts,  to  1  part  of  the  cyanide)  can  be  substituted 
for  sulphuric  acid.  The  mixture  is  ignited  cautiously  at  first, 
in  a  platinum  crucible,  and  the  heat  then  raised  until  the 
crucible  has  become  red  -  hot.  The  final  weight  must  be 
constant.  The  residue  is  the  metallic  sulphate  (or  oxide). 
Certain  salts  (those  of  nickel  and  cobalt)  can  be  more  con- 
veniently analysed  by  ignition  with  ammonium  chloride  in  a 
current  of  hydrogen  (which  reduces  nickel  and  cobalt  to  the 
metallic  state). 

Potassium  ferrocyanide. — ^This  salt  can  be  very  readily 
determined  by  oxidation  with  potassium  permanganate  in 
presence  of  sulphuric  acid,  in  the  same  manner  as  ferrous  salts 
are  voliimetrically  estimated  (see  Volumetric  Analysis). 

All  cyanogen  compounds  can  be  analysed  by  the  methods 
employed  in  ultimate  organic  analysis.  The  cyanogen  is  then 
found  from  the  quantities  of  nitrogen  and  carbonic  acid  formed 
on  its  oxidation. 

Nitric  Acid. — Free  nitric  acid  is  most  readily  estimated 
by  volumetric  methods  (titration  with  sodium  hydroxide ;  see 
Acidimetry  and  the  Examples  in  §  149).  To  determine  it 
gravimetrically,  the  acid  is  neutralised  by  ammonia,  evaporated 
to  dryness  on  the  water-bath,  and  the  ammonium  nitrate  dried 
at  115°  C.  and  weighed.  The  determination  of  the  nitric 
acid  in  salts  is  more  difficult,  and  requires  practice.  After 
choosing  one  of  the  methods,  therefore,  the  student  should 
familiarise  himself  with  its  details  by  analysing  some  pure 
nitrate  of  known  composition,  before  proceeding  with  that  of  the 
substance  itself. 

Determination  from  the  loss. — From  2  to  3  gr.  of  pulver- 
ised quartz  are  ignited  in  a  platinum  crucible  and  weighed. 
The  nitrate  (about  0*5  gr.),  which  has  previously  been  fused 
at  as  low  a  temperature  as  possible,  powdered,  and  again  dried 
just  before  the  analysis,  is  then  mixed  with  the  quartz,  and  the 
crucible  again  weighed.  The  latter  is  then  covered  and  heated 
very  gently  for  half  an  hour.  The  loss  of  weight  represents 
the  nitric  acid  anhydride  driven  ofiF. 

Bt/  distillation, — The  salt  (1  gr.)  is  mixed  with  sulphuric 
acid  (5  c.c  HgSO^,  10  c.c.  HjO)  in  a  distilling  apparatus;  a 
vacuum  is  then  produced  in  the  latter,  and  the  distillation  effected 
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by  the  heat  of  the  water-bath.  The  use  of  a  paraffin  bath  (170**) 
under  the  atmospheric  pressure  is  not  so  good.  The  retort  is 
connected  with  a  receiver,  which  contains  a  measured  quantity 
of  standard  sodium  hydroxide  solution,  and  when  the  distilla- 
tion is  complete  (it  requires  about  three  hours),  the  nitric  acid 
is  found  by  retitration  of  the  alkali.  If  chlorine  is  present,  a 
sufficient  amount  of  silver  sulphate  or  oxide  must  be  added 
before  the  distillation  is  performed. 

By  oxidation  of  ferrous  salts. — 1.  Method  of  Pelouze  and 
Fresenius :  The  excess  of  the  ferrous  salt  is  found  by  titration 
with  potassium  permanganate,  and  the  quantity  of  the  nitric  acid 
determined  from  that  of  the  ferrous  salt  which  has  undergone 
oxidation.      3Fe=  IKNO^^,  according  to  the  equation: 

SFeClg  +  KNO3  +  ^H^l  =  NO  +  SFeClg  -f  KCl  -f  2H2O. 

About  1  gr.  of  piano  wire  is  dissolved  in  30-40  cc  fuming 
hydrochloric  acid,  in  a  tubulated  retort  of  200  c.c.  capacity. 
The  retort  is  placed  upon  the  water-bath,  and  a  stream  of 
carbon  dioxide  or  hydrogen  led  through  the  solution  while  the 
reaction  is  in  process.  When  all  the  iron  has  dissolved  and 
the  liquid  grown  cold  (in  the  stream  of  gas),  the  stopper  is 
removed,  a  small  tube  containing  the  substance  (a  quantity 
corresponding  to  about  0*2  gr.  nitric  acid)  dropped  in,  and  the 
stopper  quickly  placed  in  position  again.  The  retort  is  then 
warmed  for  fifteen  minutes  on  the  water-bath,  and  the  solution 
finally  heated  to  boiling.  When  all  the  nitric  oxide  has  been 
driven  off  and  the  solution  has  lost  its  dark  tint,  the  latter  is 
allowed  to  cool  in  a  current  of  carbon  dioxide.  It  is  then 
diluted  with  water,  and  the  quantity  of  ferrous  iron  still 
imoxidised  is  volumetrically  ascertained  by  means  of  potassium 
permanganate.  The  method  of  calculating  the  results  is 
obvious.  The  strength  of  the  potassium  permanganate  must 
first  be  determined  in  presence  of  hydrochloric  acid,  and 
under  the  same  conditions  in  regard  to  concentration  of  the 
solution  (the  latter  must  be  very  dilute.  Section  II.)  as  prevail 
in  the  nitric  acid  solution  itself.  This  method  may  be  modi- 
fied to  a  certain  extent,  and  the  quantity  of  ferric  chloride 
formed  be  directly  titrated  with  stannous  chloride. 

2.   Schlosing  recommends  another  method  which  is  based 
upon  the  same  reaction :  The  nitric  oxide  formed  is  collected 


I  135  NITRIC  ACID  367 

in  a  cylinder  with  water,  and  then  converted  into  nitric  acid 
by  the  action  of  oxygen  or  hydrogen  peroxide.  The  dilute 
nitric  acid  solution  so  obtained  is  then  titrated  with  sodium 
hydroxide.  In  the  apparatus  employed  by  Schlosing  the 
analysis  is  conducted  in  a  mercury  bath,  but  its  modification 
by  Reichart  {Zeitschrift  filr  anal,  Chemie,  1870,  p.  24)  per- 
mits the  mercury  to  be  replaced  by  sodium  hydroxide.  Frank- 
land  and  Armstrong  decompose  the  nitrate  by  means  of  mercury 
in  presence  of  sulphuric  acid,  and  measure  the  nitric  oxide 
obtained.  This  reaction  is  also  employed  for  the  determina- 
tion of  nitric  acid  by  means  of  Lunge's  nitrometer. 

JB^  conversion  to  ammonia, — This  method  is  employed  in 
several  modifications,  of  which  the  following  one  is  most  to  be 
recommended.  The  nitrate  is  decomposed  by  finely  pulverised 
zinc  (zinc  dust)  and  iron,  in  presence  of  potassium  hydroxide ; 
the  flask  in  which  the  decomposition  takes  place  is  connected 
with  a  condenser  and  receiver,  the  latter  containing  a  measured 
volume  of  a  standard  acid.  On  boiling  the  solution,  ammonia 
escapes,  and  becomes  absorbed  by  the  acid  in  the  receiver. 
The  surplus  acid  is  then  titrated,  and  the  ammonia  estimated 
from  the  amount  of  acid  which  it  has  saturated. 

Schulze's  method :  The  volume  of  hydrogen  generated  by 
the  action  of  potassium  hydroxide  upon  a  known  quantity  of 
aluminium,  and  collected  in  a  special  apparatus,  is  measured. 
The  test  is  then  repeated  under  the  same  conditions,  but  in 
presence  of  the  nitrate  to  be  analysed.  The  difference  in  the 
volumes  of  hydrogen  obtained  in  the  two  experiments  repre- 
sents the  quantity  of  ammonia  formed  from  the  nitric  acid, 
and  which  has  passed  into  solution.  The  calculation  is  made 
according  to  the  equation : 

HNO3  +  8H  =  NH3  +  SHgO. 

Nitric  acid  can  also  be  quantitatively  converted  to  ammonia 
in  acid  solution.  The  nitrate  is  heated  with  tin  (50  gr.  Sn  : 
1  gr.  HNO3)  and  20  per  cent  hydrochloric  acid  (60  gr.),  or 
with  iron  dust  and  sulphuric  acid.  When  the  reduction  is 
complete,  sodium  hydroxide  is  added  to  the  solution,  and  the 
ammonia  distilled  into  a  receiver  filled  with  standard  sulphuric 
acid.     The  remaining  operations  are  the  same  as  above. 

By  conversion  to  nitrogen. — This  method  is   described  in 
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Section  III.,  Determiuation  of  Nitrogen  in  Organic  Bodies. 
The  volume  of  nitrogen  obtained  corresponds  to  the  nitric  acid 
originally  present. 

Titration  with  indigo  solution,  although  unreliable,  is  a  con- 
venient method,  and  is  usually  employed  in  the  estimation  of 
nitric  acid  in  water. 

Nitrous  acid  is  determined  by  conversion  to  nitrogen,  or 
by  its  oxidising  action  upon  ferrous  salts,  the  methods  being 
the  same  as  for  nitric  acid.  Its  determination  by  titration  of 
its  very  dilute  solution  (1  :  5000)  with  potassium  permanganate 
is  less  exact.     The  reaction  involved  is  as  follows : 

5HNO2  +  SHMnO^  =  5HNO3  +  2MnO  +  H^O. 

The  details  of  the  method  are  explained  in  the  Zeitschrift  fur 
ajial,  Chemie,  1883,  p.  95. 

PHOSPHORUS 

§  136.  Phosphoric  Acid. — The  free  acid  in  aqueous 
solution  may  be  evaporated  to  dryness  and  ignited  with  a 
weighed  quantity  of  lead  oxide.  Cases  where  this  is  permitted, 
however,  very  rarely  occur.  The  combined  acid  is  usuallj" 
thrown  down  as  ammonium  magnesium  phosphate  (often  after 
preliminary  precipitation  as  ammonium  phosphomolybdate,  mer- 
curous  or  stannic  phosphate).  The  gravimetric  determination 
as  uranium  phosphate  is  likewise  exact.  Before  discussing  the 
various  methods,  it  may  be  well  to  call  attention  to  the  readily 
occurring  transition  of  phosphoric  acid  to  the  meta-  and  pyro- 
phosphoric  compounds,  which  result  not  only  on  fusion  of 
phosphates,  but  even  when  the  residue  obtained  by  the 
evaporation  of  their  solution  is  heated  to  150°  C.  Since  the 
properties  of  metaphosphates  and  pyrophosphates  prevent  their 
determination  as  such,  these  compounds  must  first  be  converted 
to  the  ortho-salts.  This  object  is  most  easily  obtained  by 
fusion  with  4-6  parts  of  sodium  carbonate,  the  method  being 
applicable  not  only  to  the  alkali  salts,  but  in  general,  to  all 
phosphates  which  are  completely  decomposed  by  fusion  with 
sodium  carbonate.  The  phosphates  of  the  metals  of  Group  II. 
(with  the  exception  of  magnesium)  are  treated  in  this  manner. 
Long-protracted  boiling  with  sulphuric  acid  constitutes  another 
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method  of  converting  the  meta-  and  pyro- salts  into  ortho- 
phosphates.  This  method  is  convenient  for  the  determination 
of  free  meta-  or  pyrophosphoric  acid,  or  salts  which  form  in- 
soluble sulphates.  Any  other  acid  can  be  substituted  for 
sulphuric,  but  one  should  be  chosen  which  will  precipitate 
the  metal  of  the  phosphate,  so  that  the  phosphoric  acid 
will  be  in  the  free  state.  A  large  excess  of  acid  and  long- 
continued  boiling  (or,  still  better,  heating  in  a  sealed  tube) 
assist  the  transition,  but  the  reaction  is  quantitatively  pro- 
cured only  with  difficulty. 

1.  By  precipitation  as  ammonium  magnesium  phosphate. — 
The  solution  of  the  phosphate  is  treated  with  magnesia 
mixture,^  in  presence  of  ammonium  chloride,  as  long  as  a 
precipitate  continues  to  separate.  Ammonia  is  then  added  (it 
must  impart  a  strong  odour  to  the  solution  and  represent  at 
least  a  fourth  of  the  total  volume),  and  the  beaker  is  covered 
with  a  watch-glass  and  allowed  to  stand  for  from  twelve  to 
twenty-four  hours.  The  precipitate  is  then  collected  on  a  filter  . 
and  washed  with  dilute  ammonia  (1  part  aqueous  ammonia, 
3  parts  water).  The  final  processes  of  the  estimation  are 
explained  in  §  120.  A  pure  precipitate  is  usually  obtained 
by  this  method  ;  if  for  any  reason  it  seems  impure,  it  should 
be  dissolved  in  hydrochloric  acid  and  again  thrown  down  by 
magnesia  mixture  and  ammonia.  Phosphoric  acid  is  also 
reprecipitated  as  ammonium  magnesium  phosphate  subse- 
quently to  its  being  thrown  down  according  to  one  of 
the  following  methods.  The  latter  are  employed  only  in 
separations. 

2.  As  amm/mium  phosphomolybdate  (inapplicable  in  pres- 
ence of  reducing  substances  and  of  certain  organic  acids,  such 
as  tartaric,  etc.) — The  reagent  used  is  a  solution  of  ammonium 
molybdate  in  nitric  acid  (1  part  of  the  salt  in  15  parts  HNO^ 
of  sp.  gr.  =  1*2.      The  liquid   is  usually    called  "  molybdate 

^  The  so-called  ma^esia  mixture  is  prepared  as  follows :  83  gr.  cirstallised 
MgSO^  are  dissolved  m  boiling  water,  ana  after  the  addition  of  5  cc.HCl,  pre- 
cipitated with  82  gr.  crystallised  BaCl^.  The  solution  is  then  filtered,  the 
filtrate  tested  for  barium  (if  present,  more  MgS04  is  added),  and  solution  and 
wash  water  evaporated  on  the  water-bath.  The  concentrated  liquid  is  next 
poured  into  a  liter  measuring  flask,  165  gr.  NH^Cl  and  260  c.o.  x4^H40H  are 
added,  and  the  mixture  is  then  brought  up  to  the  liter  mark  with  water.  After 
standing  for  some  days  (and  refiltration,  if  necessary)  the  liquid  is  ready  for  use. 
The  same  mixture  can  be  more  easily  prepared  by  the  solution  of  100  gr.  crystal- 


lised MgCl,,  140  gr.  NH4CI,  and  200  c.c.  NH4OH  in  1300  c.c.  water. 
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solution").  The  solution  of  the  phosphate  is  concentrated 
by  evaporation  if  necessary,  and  a  great  excess  of  molybdate 
solution  added  (about  40  parts  to  one  of  phosphoric  acid). 
The  beaker  is  then  allowed  to  stand  for  an  hour  or  two  at 
80°-90**  C.  The  clear  supernatant  solution  is  tested  again 
with  the  reagent,  and  if  the  precipitation  was  complete,  is 
filtered  through  a  small  filter,  and  the  precipitate  washed  with 
the  molybdate  solution  and  water  (equal  volumes).  When 
thoroughly  washed,  it  is  dissolved  in  ammonia  on  the  filter, 
and  the  latter  carefully  washed  with  the  same  reagent.  Some 
hydrochloric  acid  is  then  added  to  the  filtrate,  and  the  phos- 
phoric acid  precipitated  with  magnesia  mixture  as  in  1.  The 
method  is  accurate,  but  attention  should  be  paid  to  the  fact 
that  the  quantity  of  phosphoric  acid  to  be  precipitated  must 
not  be  large  (not  more  than  O'l  gr.)  The  presence  of 
either  arsenic  or  silica  influences  the  reaction,  and  these  sub- 
stances must  therefore  be  removed,  if  present,  before  the  pre- 
cipitation is  made.     The  following  method  is  less  convenient. 

3.  As  mercurous  phosphate. — The  phosphate  is  dissolved  in 
nitric  acid  and  heated  in  a  porcelain  dish  with  metallic  mer- 
cury, the  latter  being  added  in  such  a  quantity  that  a  portion 
remains  undissolved.  The  nitric  acid  is  next  removed  by 
evaporation  to  dryness  on  the  water-bath,  the  residue  treated 
with  hot  water,  filtered,  and  washed.  The  dried  precipitate  is 
then  rolled  up  in  the  filter,  placed  in  a  platinum  crucible  with 
sodium  and  potassium  carbonates,  and  ignited  until  the  mer- 
cury has  entirely  escaped.  The  fusion-product  is  dissolved  in 
hot  water,  and  the  solution  neutralised  with  liydrochloric  acid 
and  precipitated  as  in  1. 

As  stannic  phosphate. — The  salt  is  dissolved  in  nitric  acid, 
9  parts  of  metallic  tin  added,  and  the  solution  boiled  for  five 
or  six  hours.  The  precipitate  is  first  washed  by  decantation, 
then  on  the  filter.  It  is  finally  dissolved  in  nitric  acid,  treated 
with  ammonia  and  ammonium  sulphide,  and  the  phosphoric 
acid  precipitated  directly,  according  to  1.  (This  method  is 
often  employed  in  separations.) 

4.  As  basic  ferric  phosplmte, — Tlie  solution  is  mixed  with 
a  known  quantity  of  ferric  chloride  (prepared  by  solution 
of  a  weighed  piece  of  piano  wire).  Sodium  acetate  is  then 
added  and  the  mixture  boiled.     Acid  solutions  must  be  pre- 
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viously  neutralised  by  ammonia.  The  boiling  solution  is 
filtered,  and  the  precipitate  washed  with  water  (containing 
ammonium  acetate),  dried,  and  ignited  in  the  air.  It  is  next 
moistened  with  nitric  acid  and  the  ignition  repeated.  The 
weight  of  the  precipitate,  minus  that  of  the  ferric  oxide  used, 
equals  the  weight  of  the  phosphoric  acid  present  in  the 
substanca 

As  nranyl  pyrophosphate  (the  method  cannot  be  employed 
in  presence  of  aluminium). — The  phosphate  should  be  dissolved 
in  acetic  acid  if  possible.  If  other  acids  are  present  they  can 
be  removed  by  evaporation  with  ammonia  and  ammonium 
acetate  (if  a  precipitate  separates,  it  is  to  be  dissolved  in  acetic 
acid).  Uranyl  acetate  is  next  added,  and  the  solution  boiled. 
The  uranyl  ammonium  phosphate  which  precipitates  is  washed 
by  decantation,  being  boiled  up  on  each  addition  of  the  wash 
water,  and  finally  on  the  filter  with  water  which  contains  a 
small  quantity  of  ammonium  nitrate.  Ignition  of  the  precipi- 
tate yields  the  pyrophosphate  (OO^^^O^y  which  is  weighed. 

Phosphates. — Not  only  must  the  various  methods  of  deter- 
mining phosphoric  acid  be  learned,  but  also  certain  rules  con- 
cerning their  application  in  the  separation  of  the  acid  from 
tlie  metal  in  phosphates.  The  method  to  be  chosen  often 
depends  upon  the  requirements  of  the  analysis,  i.e,,  whether 
only  the  metal  or  the  phosphoric  acid  is  to  be  determined,  or 
the  analysis  is  to  include  both  constituents.  Phosphoric  acid  is 
removed  from  alkali  salts  by  means  of  lead  acetate  (the  excess 
of  lead  with  hydrogen  sulphide),  or  with  silver  nitrate  and 
carbonate.  (The  silver  is  precipitated  by  HCl.)  The  precipi- 
tate of  lead  phosphate  (and  also  the  barium,  calcium,  and 
strontium  salts)  is  next  treated  with  sulphuric  acid  and  alcohol, 
and  the  phosphoric  acid  determined  according  to  1.  The 
alkalies  can  also  be  separated  from  phosphoric  acid  by  the 
addition  of  a  known  quantity  of  magnesium  oxide  in  presence 
of  ammonium  chloride,  evaporation  to  dryness,  and  ignition  (to 
remove  ammonium  salts).  The  alkali  chlorides  are  then 
extracted  from  the  ignited  residue  with  water,  and  the  residue 
again  ignited.  The  gain  in  weight  over  that  of  the  magnesium 
oxide  taken  shows  the  quantity  of  phosphoric  anhydride. 
The  separation  of  phosphoric  acid  from  iron  and  aluminium  is 
much  more  arduous,  and  several  methods  have  been  employed 
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for  this  purpose.  The  one  most  usually  employed,  and  which, 
indeed,  is  applicable  to  the  separation  of  phosphoric  acid  fix)m 
all  the  metals  (of  aU  groups),  is  that  depending  upon  its 
preliminary  precipitation  as  ammonium  phosphomolybdate, 
according  to  2.  The  method  involving  precipitation  as  mer- 
curous  phosphate  (3)  affords  a  separation  from  all  the  metals 
(except  aluminiimi  and  mercury),  but  neither  this  nor  the 
precipitation  of  the  stannic  salt  is  often  used  To  analyse  the 
phosphates  of  Mn,  Zn,  Co,  Ni,  the  substance  may  be  fused 
with  sodium  carbonate,  extracted  with  water,  and  the  solution 
acidified  and  precipitated  as  in  1.  The  phosphoric  acid  in 
fertilisers  and  bone-char  is  usually  determined  by  volumetric 
methods. 

Remark, — Arsenic  acid  is  precipitated  as  ammonium 
arsenomolybdate,  uranyl  anmionium  arsenate,  and  as  ferric 
arsenate,  under  the  same  conditions  as  are  required  in  the 
corresponding  methods  of  estimating  phosphoric  acid. 

Phosphorous  and  hypophosphorous  adds  are  deter- 
mined by  conversion  to  phosphoric  acid.  This  end  is  readily 
attained  by  heating  the  substance  with  nitric  acid  (sp.  gr. 
1*3)  in  a  sealed  tube  at  150**  C.  After  having  been  subjected 
to  this  heat  for  several  hours,  the  tube  is  opened  and  the  phos- 
phoric acid  estimated  by  the  method  given  in  1.  Evaporation 
with  nitric  acid  and  lead  oxide  gives  less  satisfactory  results. 
For  the  indirect  determination  based  upon  precipitation  of  the 
phosphorous  or  hypophosphorous  acid  with  mercuric  chloride 
and  estimation  of  the  mercurous  cliloride  formed,  see  §  127  & 
(Rose's  method). 

SeparatioxL — Phosphoric  acid  is  usually  separated  from 
the  acids  already  mentioned  by  one  of  the  above  methods. 
Its  separation  from  fluorine,  however,  requires  a  special 
method.  The  solution  is  precipitated  with  calcium  chloride 
and  lime-water  (added  until  the  reaction  has  become  alkaline), 
in  a  vessel  in  which  it  is  protected  from  the  air.  The  pre- 
cipitate is  washed,  ignited,  and  weighed.  A  known  quantity 
is  then  heated  with  concentrated  sulphuric  acid  imtil  the 
hydrofluoric  acid  has  been  entirely  removed,  and  the  phos- 
phoric acid  and  calcium  oxide  determined  in  the  residue :  the 
fluorine  is  calculated  from  the  results  and  the  original  weight 
of   the    precipitate.     In  compounds  which    are  insoluble  in 
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water,  and  not  decomposed  by  sulphuric  acid,  all  the  other 
constituents  are  determined  and  the  phosphoric  acid  found 
from  the  difference  (used  in  the  analysis  of  apatite,  phos- 
phorite, etc.) 

BORON 

§  137.  Boric  acid  forms  no  easily  determined  and 
thoroughly  insoluble  salts ;  and,  in  addition  to  this  difficulty, 
the  acid  solution  (aqueous  or  alcoholic),  of  a  borate  cannot  l)e 
evaporated  without  loss  ensuing  from  the  volatilisation  of  the 
boric  acid.  The  latter  impediment  may  be  overcome  by  the 
addition  of  sodium  carbonate  to  the  solution,  but  in  the 
majority  of  analyses,  the  other  constituents  of  the  substance 
are  first  determined,  and  the  boric  acid  calculated  from  the 
difference.  The  method  proposed  by  Strohmayer,  which  con- 
sists in  the  formation  of  the  sparingly  soluble  salt,  KBF^,  by 
the  action  of  hydrofluoric  acid  and  potassium  hydroxide  upon 
borates,  is  inaccurate  (in  several  direct  analyses  the  average 
error  was  —  2*0  per  cent).  For  Eosenbladt's  method,  which  is 
based  upon  the  action  of  methyl  alcohol  and  sulphuric  acid  upon 
the  borate,  see  ZeUs.f,  anaL  Chemie,  1887,  p.  18.  The  same 
principle  has  also  been  employed  by  Gooch  (Cliemical  News,  66, 
7),  and  Moissan  (Comptes  Rendtis,  16,  1087);  the  two  latter 
methods  are  to  be  especially  recommended. 

8ILI00N 

§  138.  Silica.— Analyses  in  which  the  determination  of 
silica  is  necessary  are  usually  those  of  mineral  silicates.  The 
points  most  important  in  the  analysis  of  silicates  are  the  fol- 
lowing :  1.  The  reduction  of  the  mineral  to  as  fine  a  powder 
as  possible.  2.  The  conversion  of  the  silicic  acid  to  the  insoluble 
condition :  this  is  especially  important.  3.  Cautious  ignition 
(envelopment  in  the  filter).  4.  Tests  of  the  purity  of  the  silica 
obtained  (they  are  given  below).  The  metals  contained  in  the 
silicate  are  obtained  in  hydrochloric  acid  solution  after  the  silica 
has  been  precipitated,  and  are  separated  by  the  usual  methods. 
A  departure  from  this  method  of  separation  is  explained  in  the 
Examples  of  Gravimetric  Analysis. 

1.  Silicates  which  are  decomposed  by  hydrochloric  ooirf  (those 
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which  dissolve,  and  many  which  do  not  dissolve,  in  water). — 
The  well-pulverised  silicate  (previously  ignited)  is  thoroughly 
moistened  with  a  few  drops  of  water,  in  a  porcelain  or  plati- 
num dish,  by  means  of  a  glass  rod.  It  is  then  covered  with 
hydrochloric  acid  (nitric  is  substituted  if  silver  or  lead  be 
present)  and  heated  on  the  water-bath,  the  mixture  being 
repeatedly  stirred  during  the  operation.  The  reaction  may 
be  considered  finished  when  no  more  grains  of  the  imaltered 
mineral  can  be  felt,  and  no  grating  is  caused  on  stirring 
with  the  rod.  In  regard  to  the  duration  of  time  necessary 
for  the  decomposition,  and  also  to  the  external  appearance  of 
the  silica  obtained  (pulverulent  or  gelatinous),  the  different 
silicates  show  a  varying  behaviour.  As  soon  as  the  decom- 
position has  been  thoroughly  eflfected,  the  solution  is  evapor- 
ated to  dryness  on  the  water-bath:  it  is  necessary  to  have 
the  residue  completely  free  from  hydrochloric  acid,  and  this  is 
sometimes  attained  only  after  it  has  been  moistened  with 
water  and  again  evaporated.  The  operation  may  be  shortened 
(but  with  less  advantage),  if  the  residue  be  heated  to  130"*- 
140^  The  dish  is  next  allowed  to  cool  off,  and  the  residue 
moistened  with  hydrochloric  acid,  stirred,  set  aside  for  half 
an  hour,  and  finally  warmed  on  the  water -bath,  and  treated 
with  hot  water.  The  silicic  acid  is  washed  by  decantation 
with  hot  water,  being  well  stirred  each  time,  and  finedly  trans- 
ferred to  a  filter,  where  the  washing  is  completed  (still  with 
liot  water).  The  thoroughly  dried  precipitate  is  ignited  (it 
should  first  be  wrapped  up  in  the  filter),  the  operation  being 
cautiously  performed  at  first ;  stronger  heat  is  applied  as  soon 
as  the  filter  has  burned  away,  as  hydrated  silica  is  diffi- 
cultly freed  from  the  last  traces  of  its  water.  The  crucible 
must  be  allowed  to  cool  in  an  exsiccator,  as  silica  is  very 
hygroscopic.  When  its  weight  has  been  ascertained,  the 
purity  of  the  silica  is  tested  by  boiling  with  concentrated 
hydrochloric  acid  and  filtration.  After  the  residue  has  been 
washed  and  re-ignited  it  is  again  weighed. 

According  to  Mitscherlich,  the  finely -divided  silicate  is 
heated  in  a  sealed  tube  of  Bohemian  (difficultly  fusible) 
glass  with  concentrated  sulphuric  acid  (3  parts  H^SO^,  1  part 
HgO).  The  tube  is  kept  at  a  temperature  of  210°  C.  for  two 
hours,  opened,  and  the  contents  removed  and  evaporated  to 
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dryness,  etc.,  as  above.  The  method  is  especially  convenient 
for  the  determination  of  ferrous  oxide  in  silicates.  Jannasch 
has  developed  a  similar  method,  which  consists  in  heating  the 
mineral  with  concentrated  hydrochloric  acid  at  200°  C.  in  a 
sealed  tube  (Zeitschri/t  filr  aiialytische  Chemiey  voL  xxx.  p. 
336). 

Silicates  which  are  not  decomposed  by  acids,  2.  Fusion 
with  sodium  and  potassium  carbonates,^ — The  very  finely 
powdered  silicate  is  mixed  with  sodium  and  potassium  car- 
bonates, or  with  the  sodium  salt  alone,  an  intimate  mixture 
being  secured  by  means  of  a  glass  rod  or  platinum  wire,  and 
the  latter  finely  rinsed  off  by  more  of  the  carbonates.  The 
whole  substance  should  not  fill  more  than  half  the  crucible.  A 
gentle  heat  is  at  first  applied,  which  reduces  the  substance  to 
the  form  of  a  coherent  porous  mass,  from  which  the  carbon 
dioxide  can  quietly  escape.  As  soon  as  the  evolution  of  the 
latter  has  ceased,  the  crucible  is  more  strongly  heated,  and  its 
contents  brought  into  a  state  of  fusion.  The  glowing  crucible 
is  then  placed  upon  a  clean  thick  iron  plate,  the  sudden  cool- 
ing preventing  the  substance  from  adhering  to  the  sides  of 
the  crucible.  The  mixture  is  now  removed  to  a  beaker  (if  a 
portion  still  clings  to  the  crucible,  the  latter  is  also  placed  in 
the  glass),  covered  with  water,  and  hydrochloric  acid  added. 
The  glass  must  be  kept  covered  by  a  large  watch-glass  during 
the  operation.  When  the  evolution  of  carbon  dioxide  has 
ceased,  the  watch-glass  is  rinsed  with  hot  water  (the  crucible 
also  taken  out  of  the  liquid  and  washed).  The  contents  of 
the  beaker  are  then  heated,  whereupon  the  residue  goes  more  or 
less  completely  into  solution.  As  soon  as  the  dissolved  carbon 
dioxide  has  been  driven  off,  the  liquid  is  poured  into  a 
porcelain  or  platinum  dish,  evaporated  to  dryness,  and  the 
residue  treated  as  in  1.  If  a  portion  of  the  silicate  has  been 
left  imdecomposed  (which  is  ascertained  by  rubbing  the  bottom 
of  the  vessel  with  a  glass  rod,  see  1),  the  analysis  should  be 
made  again.  Tlie  residue  can  also  be  filtered  off,  and  the 
unaffected  portion  determined  and  subtracted  from  the  amount 
taken  for  the  analysis,  but  this  method  gives  less  satisfactory 
results.  The  dry  residue  of  silica  must  be  treated  several 
times  with  fuming  hydrochloric  acid,  rewashed,  ignited,  and 

^  Compare  p.  257,  footnote. 
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weighed.  Furthermore,  when  the  aluminium  of  the  silicate 
is  precipitated,  it  will  always  be  found  to  contain  a  small 
quantity  of  silica ;  the  aluminium  oxide  must  be  twice  digested 
with  hydrochloric  acid,  and  the  weight  of  the  residual  silica 
determined  and  added  to  that  of  the  chief  portion. 

The  following  methods  are  employed  for  the  determina- 
tion of  the  alkali  metals  in  silicates  which  are  not  decomposed 
by  acids : 

3.  Ignition  with  barium  oxide,  calcium  oxide,  etc. — The 
decomposition  of  silicates  by  ignition  with  barium  carbonate 
requires  a  higher  temperature  than  can  be  obtained  by  the 
usual  means ;  but  with  barium  oxide  the  reaction  is  more  easily 
obtained.  Four  parts  of  anhydrous  barium  oxide  (obtained  by 
ignition  of  the  crystallised  oxide)  are  taken  for  each  one  of  the 
silicate,  and  the  mixture  placed  in  a  crucible  and  covered  with 
a  layer  of  barium  carbonate.  A  silver  crucible  should  be 
employed  if  possible,  as  the  mass  then  rarely  fuses,  but  merely 
becomes  baked.  The  crucible  and  its  contents  are  next  placed 
in  a  beaker  and  treated  with  water,  hydrochloric  acid  is  added, 
and  the  solution  evaporated,  etc.,  as  in  1.  Calcium  oxide  is 
employed  in  the  same  way.  A  method  has  recently  been  pro- 
posed in  whicli  the  reaction  takes  place  in  presence  of  barium 
chloride,  if  barium  oxide  is  employed,  of  calcium  chloride  if 
calcium  oxide  (or  carbonate)  is  used.  Fusion  with  ammonium 
chloride  (1  part)  and  precipitated  calcium  carbonate  (8  parts) 
has  also  been  recommended.  The  addition  of  the  chlorides 
serves  to  make  the  mass  more  readily  fusible.  They  are  con- 
verted to  oxides  during  the  operation,  by  the  action  of  the 
oxygen  of  the  air. 

4.  With  hydrofluoric  acid. — The  finely-pulverised  silicate  is 
covered  with  hydrofluoric  acid  and  stirred  about  in  the  dish  (of 
platinum)  with  a  platinum  wira  The  mixture  is  then  warmed 
for  some  time  on  the  water-bath,  and  sulphuric  acid  (1:1)  finally 
added  in  a  quantity  suflBcient  to  convert  all  the  metals  of 
the  silicate  into  sulphates.  It  is  then  evaporated  to  dryness 
and  heated  imtil  all  the  sulphuric  acid  has  been  removed. 
The  silicon  escapes  as  silicon  fluoride,  and  the  excess  of  hydro- 
fluoric acid  also  volatilises  during  the  operation.  When  the 
residue  has  cooled  off,  it  is  treated  with  concentrated  hydro- 
chloric acid,  set  aside  for  an  hour  or  so,  and  eventually  diluted 
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with  water  and  heated.  If  the  operations  have  been  properly 
made,  complete  solution  is  hereupon  effected :  should  a  residue 
still  remain,  it  must  be  filtered  off  and  again  treated  with 
hydrofluoric  acid  in  the  same  manner  (for  a  second  method  of 
decomposing  silicates  with  HF,  see  Examples  of  Gravimetric 
Analysis).  The  method  can  be  simplified  by  the  use  of 
gaseous  hydrofluoric  acid.  Fluor  spar  and  sulphuric  acid  are 
placed  in  a  leaden  box,  inside  which,  and  about  half-way  up 
the  side,  is  fitted  a  ring  of  the  same  metal  for  the  support  of 
the  platinum  dish  containing  the  silicate  and  sulphuric  acid. 
The  box  is  then  shut  by  a  leaden  lid  and  allowed  to  stand  for 
some  days  in  a  warm  spot.  When  the  reaction  is  complete 
the  platinum  dish  is  placed  inside  another  one,  somewhat  larger, 
and  evaporated  with  concentrated  sulphuric  acid.  It  is  then 
ignited  in  the  same  manner  as  above.  The  silica  can  also  be 
estimated  by  this  method,  by  the  use  of  a  special  platinum 
apparatus,  in  which  the  silicon  fluoride  is  absorbed  by  ammonia 
and  the  resulting  solution  precipitated  as  potassium  silico- 
fluoride  (§  133).  Silicates  can  also  be  decomposed  easily  by 
ammonium  fluoride  (4  parts),  and  the  method  yields  accurate 
results.  The  mixture  is  moistened  with  sulphuric  acid  and 
heated,  first  on  a  water-bath,  subsequently  over  the  open  flame, 
imtil  the  sulphuric  acid  has  nearly  escaped.  The  further  treat- 
ment necessary  is  described  above.  As  a  modification  of  this 
method,  the  silicate  is  sometimes  treated  with  ammonia  and 
hydrofluoric  acid,  evaporated  to  dryness,  and  the  easily  fusible 
residue  heated  until  the  ammonium  fluoride  has  escaped. 
Sulphuric  acid  is  then  added,  etc.,  as  above.  Jannasch  and 
Locke  have  recently  proposed  the  use  of  lead  oxide  as  a  de- 
composing agent  for  silicates.  The  details  of  the  method  are 
described  in  the  Zeitschrift  f,  anorgan.  Cheniie,  Bd.  VI.  S.  321. 
(For  the  use  of  acid  potassium  fluoride  in  the  analysis  of 
silicates,  see  §  55.) 

SeparatioxL — ^The  separation  of  silica  from  other  acids  must 
be  considered,  as  well  as  that  from  the  metals.  The  general 
methods  of  silicate  analysis  —  fusion  with  alkali  carbonates, 
decomposition  with  hydrochloric  or  nitric  acid,  and  the  subse- 
quent operations — effect  the  separation  of  silica  from  «dl  the 
acids.  When  fluorine  is  present,  only  fusion  with  the  alkalies 
can  be  employed,  and  certain  modifications  are  necessary  in 
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the  further  treatment  of  the  substance.  The  fused  mass  is 
boiled  out  with  water,  filtered,  and  the  residue  washed  with 
hot  water  and  subsequently  with  ammonium  carbonate.  The 
filtrate  is  heated  with  ammonium  carbonate  (which  must  be 
re-added  from  time  to  time),  again  filtered,  and  the  precipitate 
washed  with  ammonium  carbonate.  The  second  filtrate 
contains  all  the  fluoiine,  which  is  now  determined  as  in  §  133. 
The  various  precipitates  obtained  are  treated  together,  and  their 
silica  determined  according  to  §  138  1.  Silicates  often  con- 
tain not  only  fluorine  but  also  ^phosphoric  add.  The  silica  is 
separated  in  this  case,  also,  by  means  of  ammonium  carbonate 
(see  above).  The  separation  of  silica  from  titanic  acid  is  very 
difficult,  and  is  sometimes  only  to  be  accomplished  by  the 
determination  of  the  former  from  the  difference  (by  treatment 
with  hydrofluoric  acid  and  removal  of  the  silica  as  silicon 
fluoride).  In  direct  determinations,  when  possible,  the  mixture 
is  fused  with  acid  potassium  sulphate  and,  after  cooling,  the 
mass  treated  with  cold  water  and  the  silica  filtered  off.  The 
titanium  is  then  precipitated  from  the  filtrate  as  metatitanic 
acid  by  boiling  (§  55). 

CARBON 

§  138.  (b)  Carbonic  Acid.  Free  carbon  dioxide.  1.  In  a 
mixture  of  gases, — ^When  the  mixed  gases  contain  a  sufficient 
quantity  of  carbon  dioxide,  the  latter  is  estimated  by  absorption 
in  potassium  hydroxide.  The  gas  is  measured  over  mercury 
with  the  usual  precautions,  and  its  carbon  dioxide  absorbed 
either  by  passage  through  a  solution  of  the  alkali,  or  by  a  solid 
moistened  lump  of  the  latter,  which  is  introduced  into  the  gas 
by  means  of  a  platinum  wire.  The  loss  in  volume  is  then 
measured,  and  equals  that  of  the  carbon  dioxide. 

2.  Ifi  aqueous  solution. — Carbon  dioxide  in  aqueous  solu- 
tion is  gravimetrically  determined  by  precipitation  as  calcium 
or  barium  carbonate.  A  solution  of  barium  chloride  (or  calcium 
chloride)  is  mixed  with  an  excess  of  ammonia,  heated  to  boiling, 
and  filtered,  without  exposure  to  the  air,  from  the  precipitate 
which  separates.  The  mixture,  freshly  prepared  in  this  manner 
for  each  determination,  is  then  precipitated  by  a  measured  volume 
of  the  carbon  dioxide  solution  and  heated  on  the  water-bath. 
The  barium  carbonate  obtained  is  filtered,  washed,  and  weighed. 
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In  carbonates, — The  carbonic  acid  is  driven  from  the  salt 
and  determined  from  the  loss  in  weight;  or  absorbed  by  a 
weighed  medium  and  directly  estimatei 

1.  DetermiTiation  from  the  loss  of  weight  By  ignitioiL — 
In  certain  cases  carbonic  acid  can  be  determined  from  the  loss 
simply  by  ignition  (in  the  carbonates  of  zinc,  cadmium,  lead, 
copper,  magnesium,  etc.);  the  weight  lost  by  the  crucible  corre- 
sponds to  that  of  the  carbonic  acid.  In  the  analysis  of  salts 
containing  water  of  crystallisation,  the  substance  is  ignited  in 
a  weighed  bulb-tube  of  diflBcultly  fusible  glass,  which  is  con- 
nected with  a  calcium  chloride  tube  to  absorb  the  water  (see 
below).  The  latter  is  also  weighed  before  the  operation.  The 
loss  in  weight  of  the  bulb-tube  after  the  ignition  equals  the 
weight  of  the  carbonic  acid  plus  that  of  the  water ;  the  increase 
in  the  weight  of  the  calcium  chloride  tube  represents  the 
quantity  of  water,  and  the  difference  between  the  two  data,  the 
carbonic  acid.  This  method  of  ignition  may  be  modified  by  the 
addition  of  a  non-volatile  acid  or,  with  still  greater  advantage, 
of  fused  borax,  to  the  substance  before  ignition.  A  known 
amount  of  borax  (about  4  parts)  is  added  to  the  weighed 
carbonate,  and  the  mixture  weighed  again  and  then  ignited. 
The  weight  lost  on  ignition  represents  the  carbonic  acid. 

By  liberation  with  acids, — This  method  requires  a  special 
apparatus,  for  which  very  many  forms  have  been  proposed. 
All,  however,  are  based  on  a  common  principle,  which  the 
description  of  the  following  modification  explains.  The  simplest 
apparatus  consists  in  an  Erlenmeyer  flask  of  not  more  than  100 
c.c.  capacity  (a  larger  flask  would  be  too  heavy),  which  is 
closed  by  a  doubly  perforated  cork.  In  one  hole  is  inserted  a 
tube  reaching  to  the  bottom  of  the  flask,  and  the  lower  end  of 
which  is  bent  upward  and  drawn  out  to  a  narrow  opening  (it 
serves  for  the  entrance  of  air,  etc.)  In  the  second  perforation 
of  the  cork  is  fitted  a  calcium  chloride  tube  (to  dry  the  car- 
bonic acid  liberated).  The  apparatus  is  filled  with  dilute  nitric 
acid  (1  :  5)  to  one-third  of  its  capacity.  A  platinum  wire  is 
wound  about  the  neck  of  the  flask,  and  its  loose  end  fastened 
to  a  small  glass  tube  which  is  sealed  at  one  end,  and  forms  a 
receptacle  for  the  substance.  The  preliminary  arrangement 
having  been  completed,  the  weight  of  the  apparatus  is 
ascertained,   the    substance    (small   lumps    are    preferable   to 
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powder)  plaxied  in  the  proper  tube,  and  the  apparatus  reweighed. 
The  gain  equals  the  weight  of  the  substance.  To  make  the 
determination,  the  platinum  wire  is  unwound  from  the  neck  of 
the  flask,  the  cork  removed,  and  the  tube  and  its  contents 
dropped  in.  The  cork  is  then  quickly  put  back,  and  the 
apparatus  set  aside  until  the  carbonate  has  completely  dis- 
solved. The  carbon  dioxide  which  is  set  free  must  necessarilv 
pass  through  the  calcium  chloride  tube.  A  rubber  tube  is  next 
attached  to  the  end  of  the  latter,  and  a  very  gentle  current  of 
air  drawn  (preferably  by  means  of  an  aspirator)  through  the 
liquid,  whicli  is  at  the  same  time  slightly  heated.  In  its 
passage  the  air  drives  the  carbon  dioxide  from  both  the  solution 
and  the  flask.  The  suction  is  continued  for  five  minutes,  and 
the  apparatus  then  weighed.  The  loss  in  weight  gives  the 
quantity  of  carbon  dioxide. 

2.  By  liberation  and  absorption. — This  method  is  perhaps 
the  most  accurate.  The  carbon  dioxide  is  most  advantageously 
absorbed  in  a  concentrated  potassium  hydroxide  solution  (1 
part  KOH ;  2  parts  HgO),  which  is  contained  in  a  special 
apparatus  called  a  potash  bulb  (Liebig*s  bulb,  etc. ;  see  Section 
III.)  The  potash  bulb  is  usually  fitted  with  a  small  tube  con- 
taining lumps  of  potassium  hydroxide,  to  keep  back  the  small 
quantity  of  water  which  a  rapid  current  of  gas  may  take  up 
from  the  alkali  solution.^  To  make  a  carbonic  acid  determina- 
tion, the  apparatus  is  set  up  as  follows.  The  flask  in  which 
the  carbonate  is  to  be  decomposed  is  closed  by  a  cork  pro- 
vided with  two  holes,  through  one  of  which  passes  a  funnel 
tube  (for  the  introduction  of  the  acid),  extending  to  the  bottom 
of  the  flask.  In  the  other  hole  is  inserted  a  tube  which  is 
connected  with  a  calcium  chloride  apparatus  (to  dry  the  carbon 
dioxide).  The  potash  bulb,  which  has  previously  been  filled 
with  potassium  hydroxide  solution  and  weighed  (or  a  U-tube 
containing  soda-lime),  is  then  attached  to  the  calcium  chloride 
tube.  The  apparatus  having  been  arranged,  the  weighed  sub- 
stance is  placed  in  the  bottom  of  the  flask  (in  a  small  tube), 
and  water  and  acid  added  through  the  funnel.  The  liberated 
carbon  dioxide  passes  through  the  calcium  chloride  tube,  where 
it  is  freed  from  moisture,  and  is  absorbed  in  the  caustic  potash. 

'  Soda-lime  (Mulder)  is  less  convenient  as  an  absorption  agent  for  carbon 
dioxide.    When  used  it  is  placed  in  a  U-tube. 
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When  the  evolution  of  the  gas  has  ceased  (when  no  more 
bubbles  can  be  seen  to  pass  through  the  potash  bulb)  the 
absorption  tube  is  connected  with  an  aspirator  by  rubber  tubing, 
and  a  current  of  air  cautiously  sucked  through  the  apparatus, 
in  order  to  drive  all  the  carbon  dioxide  into  the  potash  bulb. 
The  increase  in  weight  of  the  latter  gives  the  quantity  of 
carbonic  acid. 

Many  carbonates  may  also  be  directly  analysed  by  volu- 
metric methods  (e,g,,  the  alkali  carbonates ;  see  Alkalimetry). 

HYDROGEN,  OXYGEN 

Water.  Determination  from  the  loss, — Salts  lose  their 
water  of  crystallisation  under  various  conditions.  It  escapes 
from  some  on  exposure  to  the  air  (efflorescence);  from 
others  on  drying  over  sulphuric  acid  in  a  bell -jar  (or  in  a 
vacuum).  As  a  rule,  however,  the  water  of  crystallisation  must 
be  driven  out  by  heat,  which  in  the  case  of  some  salts  need  be 
raised  only  to  100°  C,  with  others,  still  higher  -  200°,  250°, 
etc.  If  a  salt  contain  several  molecules  of  water,  it 
often  happens  that  they  will  escape  at  different  temperatures. 
The  ease  with  which  the  hygroscopic  or  mechanically  bound 
water  of  different  substances  can  be  removed  also  varies; 
it  usually  escapes  at  100°  C,  but  sometimes,  especially 
in  the  case  of  minerals,  intense  ignition  is  required.  The 
determination  is  made  in  all  cases  in  the  following  manner. 
The  fairly -well  pulverised  salt  is  dried  by  pressing  between 
two  thicknesses  of  filter  paper,  or  if  it  is  not  hygroscopic  or 
efflorescent,  simply  by  exposure  to  the  air.  A  weighed 
portion  (the  weighing  is  most  conveniently  performed  in  one 
watch-glass  covered  by  another,  the  two  being  held  together 
by  a  clamp)  is  then  placed  upon  a  watch-glass,  and  at  first 
warmed  to  100°  C.  in  a  water -bath  or  air-bath.  To 
ascertain  whether  the  volatilisation  of  the  water  is  complete,  a 
still  higher  heat  is  then  applied — usually  140°- 150°  C. 
If  the  substance  withstands  this  heat  and  the  weight  remains 
unaltered,  the  experiment  may  be  considered  finished.  The 
loss  in  weight  equals  the  weight  of  the  water.  For  the  deter- 
mination of  hygroscopic  water  present  in  substances  which 
resist  a  high  temperature,  ignition   may  be  employed.     The 
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details  of  the  operations  will  be  explained  among  the  Examples. 
A  salt  often  loses  volatile  constituents,  other  than  its  water,  on 
being  heated,  and  to  avoid  this  difficulty  a  sufficiently  low 
temperature  must  in  such  cases  be  employed.  If  an  acid  may 
be  driven  off  on  heating,  the  resulting  error  is  prevented  by  the 
addition  of  ignited  lead  oxide  to  the  substance  in  which  the 
water  is  to  be  determined.  The  conditions  necessary  for  the 
determination  of  water  in  different  comjwunds  vary  so  among 
themselves,  that  a  description  of  them  all  is  impossible  in  this 
book. 

By  absorption, — The  water  is  absorbed  by  calcium  chloride, 
which  has  previously  been  either  thoroughly  dried  or  fused 
(anhydrous).  The  calcium  chloride  is  placed,  in  small  lumps,  in 
a  glass  tube  (the  form  varies)  of  thin  glass,  which  terminates  in  a 
narrower  tube.  The  other  end  is  closed  by  a  cork  in  which  is 
inserted  a  thin  glass  tube.  To  pro>nde  against  the  loss  which 
might  ensue  througli  a  rapid  current  of  air  carrjdng  away  particles 
of  calcium  chloride,  a  small  piece  of  cotton  or  glass  wool  is  placed 
in  each  end  of  the  apparatus  (not  in  the  narrow  tube).  Such 
an  apparatus  is  called  a  calcium  chloride  tube.  The  direct 
determination  of  water  is  employed  when  the  substance  can- 
not be  dried  without  loss  or  increase  in  weight  (for  instance, 
without  giving  off  or  absorbing  carbon  dioxide),  or  in  the 
estimation  of  hydrogen  (in  acid  salts,  etc.),  and  the  conditions 
involved  vary  in  each  instance.  The  substance  is  placed  in  a 
bulb -tube,  one  end  of  which  is  connected  with  a  weighed 
calcium  chloride  tube,  and  the  other  with  a  gasometer  and  an 
apparatus  for  drying  the  air.  A  current  of  dry  air  is  then 
passed  through  the  bulb -tube,  and  the  latter  heated ;  the 
water  volatilises  and  is  collected  in  the  calcium  chloride  tube. 
If  the  substance  parts  with  an  acid  on  being  heated,  the 
experiment  is  made  in  presence  of  lead  carbonate ;  when  not 
only  the  water,  but  also  the  hydrogen  which  the  substance 
contains  is  to  be  determined,  the  latter  is  mixed  with  lead 
chromate  or  cupric  oxide  (when  nitrogen  oxides  are  apt  to 
form  from  the  decomposition,  or  halogens  are  released,  metallic 
copper  is  placed  behind  the  mixture).  It  is  then  placed  in  a 
glass  tube,  one  end  of  which  is  sealed  up  and  the  other  closed 
by  a  perforated  cork,  through  which  passes  the  calcium  chloride 
tube.     The  glass  tube  is  laid  in  a  specially -constructed  oven. 
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and  on  its  being  heated  (the  determination  can  also  be  made  in 
a  current  of  dry  aii),  the  water  escapes  and  is  received  in  the 
calcium  chloride  tube.  The  increase  in  weight  of  the  latter 
gives  the  amount  of  water  present.  We  cannot  enter  into  the 
details  of  the  operation  here;  it  is  the  same  method  as  is 
employed  in  the  analysis  of  organic  bodies.  The  heat  is 
generated  in  a  gas  or  charcoal  furnace,  such  as  is  used  in 
organic  combustions  (see  Section  III. ;  Analysis  of  Organic 
Compounds). 

As  a  much  simpler  method  of  determining  the  water  in 
substances  in  which  there  are  other  volatile  constituents  (such 
as  silicates  containing  fluorine),  Jannasch  and  Locke  recommend 
the  following :  The  weighed  substance  is  mixed  with  lead  oxide 
in  the  bulb  of  a  bulb-tube,  the  posterior  arm  of  which  contains 
a  layer  of  lead  oxide.  A  current  of  dry  air  is  then  passed 
through  the  tube,  and  the  substance  heated  to  fusion.  Tlie 
lead  oxide  over  which  the  aqueous  vapours  pass  retains  the 
hydrofluoric  acid,  etc.,  and  the  water  is  collected  in  a  calcium 
chloride  tube  and  weighed.  For  the  estimation  of  water  in 
hygroscopic  substances  the  same  principle  can  be  employed; 
the  substance  is  first  dried  to  constant  weight  by  passing  a 
rapid  current  of  dry  air  over  it,  in  a  specially  constructed 
apparatus.  The  details  of  both  methods  will  be  found  in  the 
Zeitschrift  filr  anorganisclie,  Chemie,  Bd.  VT.  S.  168,  174. 


OPEEATIONS    AND    EXAMPLES 

Wk  have  now  become  acquainted  with  the  prindpal  methods 
of  quantitative  determinations  and  separations  of  the  various 
elements.  The  operations  which  thev  involve  still  require 
explanation,  and  will  form  the  subject  of  this  chapter ;  a  series 
of  examples  is  annexerl,  to  give  the  student  an  opportunity  for 
familiarising  himself  with  both  the  operations  and  principles  of 
gravimetric  analysis. 

§  139.  Belectioii  of  fhe  Sabstance. — ^When  a  substance  is 
t/>  be  quantitatively  analysed,  caution  must  be  used  in  selecting 
a  homogeneous  portion,  and  all  impurities  must  be  removed,  if 
the  results  are  to  really  express  the  true  composition  of  the 
rnateriaL  The  homogeneity  of  chemical  compounds  is  most 
readily  recognised  from  the  crystalline  form;  the  chance 
impurities  being  in  this  case  removed  by  repeated  reciystal- 
lis^ition.  UjKjn  the  choice  of  a  well -crystallised  and  homo- 
genf^ius  jK)rtion  depends  the  accuracy  of  the  results.  Substances 
which  are  insoluble  in  water  can  sometimes  be  selected  in  the 
same  manner;  many  of  them  form  well-defined  crystals,  the 
cf^nfonnity  of  which  can  be  ascertained  through  the  microscope. 
Amorphous,  insoluble  substances  must  be  thoroughly  washed, 
i'.U\  ;  but  their  homogeneity  cannot  be  so  absolutely  guaranteed; 
Tlie  material  for  the  analysis  of  a  mineral  is  also  moi*e  difficult 
U)  prejmre.  It  must  be  freed  as  much  as  possible  from  the 
r(x;k  in  which  it  was  embedded,  or  its  matrix,  and  only  the 
purest  pieces  selected.  For  this  purpose  a  strong  magnifying 
glass  or  magnet,  etc,  must  often  be  used.  The  precaution 
of  having  good  material  for  analysis  having  been  observed, 
the  analysis  may  be  commenced  immediately,  if  the  qualitative 
conii)osition  of  the  substance  is  known.    It  must  be  ascertained 
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by  qualitative  analysis,  which  of  the  constituents  are  the  more 
prominent,  and  which  (in  minerals,  etc.)  exist  only  in  small 
quantities  or  traces.  This  information  determines  to  a  large 
degree  the  choice  of  methods  of  analysis. 

Palverisation. — The  substance  used  in  the  following 
analytical  operations  must  be  in  the  state  of  powder,  to  which 
it  is  reduced  in  an  agate  mortar.  Crystallised  salts  can  be 
easily  pulverised  (a  porcelain  mortar  can  be  used  in  such 
cases),  but  to  obtain  minerals,  etc.,  in  a  finely-divided  state  is  a 
much  more  difficult  task.  A  few  large  pieces  are  crushed  in  a 
steel  mortar,  or,  if  the  latter  be  unavailable,  wrapped  in  several 
folds  of  paper,  and  broken  by  striking  with  a  hammer  upon  a 
steel  anvil.  The  finer  pieces  thus  obtained  are  then  further, 
reduced  in  an  agate  mortar.  Substances  which  dissolve 
readily  in  water  or  acids  do  not  require  so  fine  a  division,  but 
if  their  solution  is  to  be  effected  by  fusion,  etc.,  the  greatest 
care  must  be  taken  in  their  pulverisation.  The  treatment  in  the 
mortar  must  be  continued  until  no  more  grittiness  is  felt  when 
a  sample  is  rubbed  between  the  thumb  and  forefinger.  Some- 
times, indeed,  a  sufficient  degree  of  fineness  can  be  secured 
only  by  sifting.  For  this  purpose  the  mouth  of  a  wide-necked 
bottle  is  covered  by  a  cloth,  which  is  pushed  down  into  the 
neck  so  as  to  form  a  small  bag.  The  already  finely-pulverised 
powder  is  then  placed  in  this  sack,  covered  by  a  piece  of 
bladder  or  rubber  cloth,  and  the  latter  bound  about  the  bottle. 
On  the  latter  being  shaken,  the  substance  passes  through  the 
cloth  and  collects  in  the  bottom  of  the  bottle.  The  finest 
powder  is  obtained  by  lixiviation.  The  pulverised  substance 
is  rubbed  up  with  water  in  the  mortar,  and  then  thrown  into 
a  glass  containing  a  large  quantity  of  water.  After  being 
vigorously  stirred,  it  is  allowed  to  subside  for  a  few  minutes, 
and  the  turbid  liquid  decanted  from  the  portion  of  the  mineral 
wliich  has  settled,  into  another  beaker :  thq  residue  is  again 
subjected  to  the  same  operation.  When  enough  substance  has 
been  lixiviated,  the  second  beaker  is  set  aside  until  the  powder 
has  completely  settled,  the  water  decanted  off,  and  the  residue 
dried  in  the  same  glass.  Metals  and  alloys  which  are  not 
brittle  enough  to  be  pulverised,  are  beaten  into  thin  sheets, 
and  the  latter  then  cut  up  with  a  pair  of  scissors. 

Drying, — Substances  almost  invariably  contain  hygroscopic 
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water  as  an  impurity,  and  this  must  be  removed  by  drying 
before  the  analysis.  The  methods  of  drying  vary  greatly,  since 
the  hygroscopic  water  of  some  substances  can  be  removed  only 
with  great  difficulty,  and  a  number  of  other  bodies,  on  the  con- 
trary, especially  salts  with  water  of  cr}'stallisation,  part  with 
tlieii'  constitutional  water  ver}^  easily.  Salts  with  water  of 
crystallisation  are  dried  between  layers  of  filter  paper.  They 
are  first  powdered,  and  then  pressed  several  times  between 
sheets  of  filter  paper,  being  transferred  to  the  fresh  layers  as 
rapidly  as  possible.  When  this  operation  has  been  finished, 
the  salt  is  placed  in  a  glass  tube,  fitted  with  a  cork,  and 
weighed  without  delay.  Salts  which  do  not  effloresce  can  be 
dried  in  the  air  (on  a  watch-glass  to  constant  weight)  or,  more 
rarely,  under  a  bell  -  jar  which  stands  upon  a  ground  glass 
plate  holding  a  vessel  of  sulphuric  acid  (the  latter  serves  to 
dry  the  air — loss  of  water  of  cr}'stallisation  sometimes  ensues 
by  this  method).  Anhydrous  substances  are  freed  from  their 
hygroscopic  water  by  heating  in  an  air-bath  to  100°  C.  The 
air-bath  is  a  small  copper  box  which  is  provided  with  a  door 
and  a  shelf  to  hold  the  substance  to  be  dried.  The  heat  is 
furnislied  by  a  lamp  or  Bunsen's  burner,  and  the  temperature 
measured  by  a  tliermometer  passing  through  the  roof  of  the 
bath.  Steam-baths  are  also  sometimes  employed  in  the  labora- 
tory. These  are  fitted  with  double  walls,  and  lieated  to 
100°  C.  by  steam.  When  a  liigher  temperature  is  necessary 
the  air-bath  must  be  made  of  plate  iron.  Hygroscopic  salts, 
of  which  the  water  of  crystallisation  is  to  be  determined,  can 
be  dried  in  a  current  of  dry  air.  The  operation  is  best  per- 
formed in  a  special  apparatus,  in  presence  of  lead  oxide  (§  138). 
The  substance  to  be  dried  is  always  placed  on  a  watch- 
<,'la8S,  and  the  complete  removal  *  of  the  water  can  be  assumed 
<nily  wlien  two  consecutive  weighings  give  the  same  results. 
To  guard  against  real)sorption  of  moisture,  the  watch-glass 
containing  the  substance  is  covered  by  another  (both  having 
their  edges  ground,  to  secure  a  good  junction)  and  the  two  held 
together  by  a  copper  clump  during  the  weighing.  Certain 
sul)stances,  finally,  must  be  ignited  before  they  completely 
release  their  hygroscopic  water.  For  this  purpose  a  platinum 
crucible  is  employed.  The  above  operations  are  also  employed 
in  determining  the  water  in  salts,  etc.  (§  138). 
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The  Balance. — As  this  book  is  intended  cliiefly  for 
beginners,  I  shall  not  endeavour  to  give  a  complete  description 
of  an  analytical  balance,  but  merely  indicate  the  points  which 
are  requisite  in  a  good  apparatus.  1.  When  the  support  is 
lowered,  the  balance  must  be  in  equilibrium,  and  the  needle 
either  rest  in  front  of  the  zero  division  of  the  scale,  or  oscillate 
through  an  equal  distance  on  each  side  of  it.  2.  The  equili- 
brium must  not  be  destroyed  by  the  removal  of  the  pans.  3. 
Where  equal  weights  have  been  placed  in  both  pans  and 
equilibrium  obtained,  the  latter  must  not  be  lost  if  the  weights 
be  reversed,  i.e.,  placed  in  the  opposite  pan.  4.  The  delicacy  and 
accuracy  of  the  balance  must  be  tested  by  weighing  some  body 
under  the  most  varying  conditions.  The  weight  of  a  substance, 
shown  by  an  accurate  balance  at  the  ordinary  temperature, 
should  never  vary  more  than  0*0002  gr. 

The  weights  used  must  also  be  proved.  Since  the  weight 
of  an  object  is  always  determined  from  the  difference  of  two 
weighings,  the  weights  must  be  compared  with  one  another, 
ic,  the  equality  between  the  two -gram  piece  and  two  one- 
gram  pieces  tested,  and,  in  the  same  way,  that  of  a  one-gram 
piece  with  the  sum  of  the  smaller  weights.  Milligrams  are 
usually  weighed  by  means  of  a  so-called  rider. 

The  following  rules  must  be  observed  in  weighing.  1. 
The  equilibrium  of  the  balance  must  be  tested  and  secured 
before  each  operation.  2.  The  beam  must  be  freed  gently 
from  its  supports.  3.  No  substance  should  be  laid  directly 
upon  the  balance  pans,  but  always  weighed  in  its  proper 
vessel.  4.  No  substance  or  apparatus  should  be  weighed 
while  warm.  It  should  be  allowed  to  remain  in  the  same 
room  as  the  balance  until  it  has  attained  the  same  temperature, 
before  being  placed  in  the  pan.  5.  Any  change  in  the  weights 
or  substances  must  be  preceded  by  the  arresting  of  the  beam. 
6.  The  weights  must  be  laid  on  the  balance  pan.  in  a  systematic 
way ;  they  are  counted,  when  equilibrium  has  been  obtained, 
before  being  removed  from  the  pan,  and  the  results  confirmed 
from  the  empty  places  in  the  weight-case. 

The  Operation  of  Weighing. — After  being  freed  from 
moisture  by  one  of  the  methods  explained  under  Drying,  the 
substance  is  weighed.  If  destined  for  some  operation  in 
which  a  platinum  crucible  is  employed,  such  as  fusion  or  mix- 
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ture  with  another  substance  and  subsequent  fusion,  the  com- 
pound to  be  analysed  is  weighed  directly  in  the  crucible,  the 
weight  of  the  latter  having  first  been  ascertained.  If,  on  the 
contrary,  as  is  more  frequently  the  case,  the  substance  weighed 
is  to  be  dissolved  in  water  or  an  acid,  in  another  vessel,  it  is 
placed  in  the  balance  in  a  thin  glass  tube  provided  with  a 
stopper  (which  may  be  another  glass  tube,  sealed  at  one  end, 
and  slightly  larger  in  diameter  than  the  first).  The  weight  of 
the  substance  plus  that  of  the  glass  having  been  ascertained, 
the  cork  is  cautiously  drawn  and  the  requisite  amount  of  the 
substance  shaken  into  the  beaker  or  flask.  Tlie  stopper  is 
then  again  inserted  and  the  tube  reweighed.  The  difference 
between  the  first  and  second  weighings  gives  the  amount  of 
substance  taken  for  analysis.  It  is  advantageous  to  know  the 
weight  of  the  empty  tube,  as  the  first  weighing  then  shows 
how  much  substance  the  tube  contains,  and  the  eye  can 
readily  judge  as  to  when  the  requisite  amount  has  been  poured 
out.^  This  is  especially  convenient  if  several  portions  of  one 
and  the  same  substance  are  to  be  weighed  off.  In  the  de- 
termination of  water  by  drying  at  100°  C,  finally,  the  sub- 
stance is  weiglied,  as  we  have  already  stated,  between  two 
watch-glasses  which  are  held  together  by  a  clamp.  Warm 
apparatus  must  not  be  weighed  until  its  temperature  has 
fallen  to  that  of  the  balance,  for  which  purpose  it  is  allowed 
to  stand  for  some  time  (at  least  a  quarter  of  an  hour)  in  the 
room  containing  the  latter.  To  prevent  the  absorption  of 
moisture  whilst  cooling,  the  apparatus  is  placed  in  a  glass 
vessel  containing  sulphuric  acid  or  some  other  hygroscopic 
substance.     Such  vessels  are  called  "  Exsiccators." 

The  quantity  of  substance  to  be  used  in  the  analysis 
depends  upon  the  number  of  constituents  to  be  determined, 
and  also  to  some  extent  upon  the  exactness  of  the  method  to 
be  employed,  the  physical  properties  of  the  compound,  and  the 
probable  amount  of  the  constituent  to  be  estimated.  If  several 
determinations  must  be  made  in  one  portion  of  the  substance, 
from  one  to  two  grams  are  taken  (it  sometimes  happens,  when 
only  traces  of  the  constituent  to  be  determined  are  present, 

^  If  the  amount  to  be  taken  need  only  approximate  a  certain  weight,  it  may 
conveniently  be  weighed  ofif  on  a  rough  balance  first,  and  then  in  the  analytical 
balance. 
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that  five  or  ten  grams  must  be  employed).  When  only  one 
or  two  determinations  are  to  be  made,  however,  0*5-1 '0  gr. 
are  entirely  sufficient,  and  if  the  methods  are  accurate,  less 
than  0*5  gr.  are  all  that  are  necessary.  The  lai-ger  the 
amount  weighed  off,  the  greater  becomes  the  accuracy  obtained 
(since  the  sources  of  error  involved  in  filtration,  etc.,  decrease 
with  the  increase  in  quantity),  but  operations  with  a  large 
amount  of  substance  are  far  slower  than  when  a  small  quantity 
is  employed.  Substances  which  are  obtained  during  the 
analysis  as  gelatinous  compounds  (such  as  ferric,  chromic,  and 
aluminium  oxides)  can  be  most  easily  determined  when  only 
0'2-0*5  gr.  are  employed.  For  the  benefit  of  the  beginner  it 
may  again  be  remarked  that  the  substance  weighed  off  must 
be  perfectly  homogeneous.  If  a  salt  with  water  of  crystal- 
lisation, for  instance,  is  to  be  analysed,  it  must  either  be 
first  made  anhydrous  (the  portion  used  for  the  water  deter- 
mination can  usually  be  here  employed),  or  weighed  in  the 
crystalline  state :  in  the  latter  case  it  must  be  ascertained 
that  no  water  of  crystallisation  has  been  lost  by  efflorescence 
or  the  like,  and  the  material  should  be  freshly  crystallised  if 
possible. 

§  140.  Solution. — In  the  greater  number  of  instances, 
quantitative  determinations  involve  the  precipitation  of  the 
constituent  from  solution  as  one  of  its  insoluble  compounds. 
The  vessel  in  which  the  substance  is  to  be  dissolved  in  water 
or  acids,  therefore,  should  be  suitable  for  the  subsequent  pre- 
cipitation. If  the  solution  is  to  be  hastened  by  wanning,  it 
is  advisable  to  use  a  water-bath :  an  open  flame  or  a  sand- 
bath  can  sometimes  be  employed,  but  in  such  cases  the  liquid 
must  not  be  permitted  to  boil,  as  a  loss  may  be  incurred 
through  its  spirting.  If  the  passage  of  the  substance  into 
solution  is  accompanied  by  evolution  of  a  gas  (as  in  the  action 
of  acids  upon  carbonates),  the  operation  should  be  slowly  per- 
formed, the  acid  being  added  little  by  little,  and  the  vessel 
covered  by  a  watch-glass :  the  latter  must  be  rinsed  off  when 
the  reaction  is  complete.  Solution  of  the  substance  in  nitric 
acid,  aqwa  regia,  or  the  like,  must  be  effected  in  a  flask  stand- 
ing obliquely,  or  which,  if  upright,  is  covered  by  a  watch- 
glass.  If  access  of  air  to  the  liquid  must  be  prevented  (as  in 
the  treatment  of  ferrous  compounds,  etc.),  a  current  of  carbon 
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(lioxido  or  some  other  iiidiifereiit  gas  should  be  led  into  the 
vessel.  There  are  two  more  preliminary  operations  whicli 
must  be  explained  before  we  pass  on  to  the  further  analytical 
processes  ;  evaporation  and  fusion. 

Evaporation. — If  the  volume  of  the  solution  must  for 
any  reason  be  reduced,  before  the  precipitation,  this  is  effected 
by  evaporation,  preferaUe  in  a  platinum  (for  the  use  of 
platinum  vessels,  comp.  Fusion)  or  porcelain  dish.  Tlie  use 
of  glass  vessels  is  to  be  avoided,  as  water  and  solutions  attack 
glass  to  a  very  noticeal)le  extent  on  prolonged  heating.  The 
heat  is  most  advantageously  supplied  by  a  water -bath,  or,  in 
general,  by  steam.  Fluids  may  also  be  concentrated,  especi- 
ally if  their  volume  be  sufficiently  great,  over  the  gas  burner ; 
a  small  liame  must  be  employed,  and  allowed  to  bear  directly 
upon  the  dish  (the  bottom  of  the  latter  must  not  be  more 
than  two-thirds  of  an  inch  above  the  top  of  the  burner).  The 
liquid,  however,  must  never  be  allowed  to  l)oil  (see  Solution). 
Care  must  also  be  taken  that  no  dust  falls  into  the  solution 
during  the  evaporation,  as  the  filtration  and  washing  thus 
entailed  would  increase  the  volume  of  the  liquid  again.  Solu- 
tions in  which  precipitates  are  suspended  must  without 
exception  be  placed  upon  the  water -batli,  since,  when  an 
open  flame  is  employed,  bumping  can  never  be  avoided  in 
such  cases,  especially  if  the  precipitate  be  crystallina  Solu- 
tions which  are  to  be  evaporated  to  dryness  are  also  heated  on 
tlie  water-bath.  If  the  residue  is  to  be  weiglied,  the  solution 
is  first  reduced  to  a  small  volume  in  a  porcelain  dish,  and 
then  transferred,  witli  the  aid  of  a  glass  rod  (see  Filtration) 
to  a  weighed  platinum  dish,  in  which  the  weight  of  the 
residue  is  finally  to  be  ascertained.  The  evaporation  of  the 
liquid,  to  which  has  been  added  the  rinse  water  of  the  porce- 
lain vessel,  is  then  continued,  and  the  residue  treated  as 
required.  To  wash  the  porcelain  dish,  it  is  rinsed  three  times 
with  fresh  water,  as  small  a  quantity  as  possible  being  used 
each  time,  in  order  to  avoid  diluting  the  liquid  more  than 
necessary  (if  the  dish  be  very  small,  only  a  few  drops  need 
be  added  at  a  time).  The  thoroughness  of  the  rinsing  is  con- 
trolled by  evaporation  of  a  drop  or  two  upon  platinum  foil. 
Before  the  residue  can  be  weighed,  it  must  be  dried  at  100**  C, 
or  a  higher  temperature  if  necessary.      The  determination  of 
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the  alkalies,  in  presence  of  ammonium  salts,  by  evaporation 
and  ignition  (a  very  frequently  occurring  case),  is  explained 
among  the  examples.  If  a  difficultly  volatile  liquid  is  to  be 
evaporated  from  a  slight  precipitate  in  a  platinum  crucible, 
the  latter  is  placed  in  an  oblique  position  and  the  flame 
directed  against  its  upper  half;  if  heated  from  below,  the 
liquid  can  only  with  the  greatest  difficulty  be  prevented  from 
spirting.  This  operation  can  be  very  conveniently  performed 
in  a  muffle,  the  bottom  of  which  is  perforated  near  the  back, 
for  the  introduction  of  the  mouth  of  the  burner,  the  apparatus 
itself  resting  on  the  triangle  of  the  latter.  The  crucible  fits 
into  a  hole  made  in  the  front  part  of  the  muffle's  bottom. 
The  use  of  a  small,  cup-shaped,  air-bath  is  also  advantageous  for 
this  purpose. 

Fusion. — Substances  which  are  insoluble  in  water  or  acids 
are  brought  into  solution  by  complicated  operations,  such  as 
ignition  with  a  proper  flux,  e.g.,  alkali  carbonates,  sodium  car- 
bonate and  potassium  nitrate,  acid  potassium  sulphate,  or  the 
like ;  or  by  heating  with  concentrated  sulphuric  acid,  hydro- 
fluoric acid,  etc.  All  of  these  operations  must  be  performed  in  a 
crucible,  generally  of  platinum.  Platinum  cannot  be  used  when 
an  alkali  or  barium  oxide  is  employed  as  the  flux,  however  (it  is 
attacked  by  these  compounds),  and  in  such  cases  a  silver  crucible 
is  taken.  If  the  fusion  causes  the  reduction  of  metals  with  low 
melting  points,  the  latter  form  easily  fusible  alloys  with  the 
platinum,  and  the  crucible  may  thus  be  attacked.  Compounds 
of  silv^er,  lead,  tin,  bismuth,  antimony,  and  arsenic,  therefore, 
nmst  be  ignited  in  a  porcelain,  and  not  a  platinum  crucible. 
T^astly,  operations  in  which  chlorine,  bromine,  or  iodine  are  set 
free  (as  in  fusion  with  potassium  chlorate  under  certain  condi- 
tions) must  never  be  conducted  in  platinum  vessels. 

These  precautions  must  also  be  observed  in  the  evapora- 
tion of  liquids  in  platinum  dishes,  and  the  latter  never  be 
employed  in  operations  with  caustic  alkali  solutions,  or  those 
which  evolve  chlorine. 

The  reactions  procured  by  fusion  vary  in  each  instance, 
and  they  are  too  many  to  be  described  in  detail  in  this 
jiaragraph. 

Precipitation. — This  is  the  most  frequent,  and  conse- 
quently the  most  important,  operation  in  analysis.     Special 
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attention  must  be  paid  to  securing  the  necessary  conditions 
{e.g,y  concentration  of  the  solution,  time,  and  other  requisites 
for  complete  precipitation).  These  conditions  have  been 
pointed  out  in  the  description  of  the  various  gravimetric 
methods.  The  precipitation  cannot  be  considered  thorough, 
until  it  has  been  ascertained  by  a  confirmatory  test  that 
enough  of  the  reagent  has  been  added  to  ensure  a  complete 
reaction.  If  the  precipitation  is  to  be  assisted  by  heat,  the 
operation  should  be  performed  in  a  beaker,  or  in  a  porcelain 
or  platinum  dish. 

§  141.  Filtration. — This  operation  effects  the  separation 
of  the  precipitate  from  the  liquid  in  which  it  was  formed. 
For  this  purpose  the  solution  is  usually  passed  through  a 
filter  made  of  so-called  filter  paper ;  thin  glass  tubes,  which 
are  drawn  out  at  one  end,  and  in  which  the  precipitate  is 
caught  by  a  layer  of  asbestos,  may  also  be  employed,  though 
rarely  resorted  to. 

The  filters  are  made  of  rough,  so-called  Swedish  paper, 
and  cut  in  various  sizes,  either  directly,  after  round  patterns, 
or  having  first  been  twice  folded,  the  second  time  in  a  direc- 
tion at  right  angles  to  that  of  the  first ;  in  the  latter  case  the 
pattern  is  in  the  shape  of  a  quadrant  (Mohr*s  patterns).  The 
size  to  be  used  depends  upon  the  bulk  of  the  precipitate. 
The  latter  should  fill  about  half,  never  more  than  two-thirds, 
of  the  filter.  The  weight  of  ash  which  a  filter  of  each  size 
leaves  on  combustion  must  be  ascertained  (the  method  will 
be  described  in  the  paragraph  on  Ignition  of  the  Precipitate). 
When  acid  solutions  are  to  be  filtered,  it  is  preferable  to  use 
filters  which  have  been  treated  with  hydrochloric  acid,  washed 
with  water,  and  dried.  Filters  can  be  procured  in  the  market 
which  have  been  extracted  with  hydrofluoric  acid,  and  the  ash 
of  which  is  already  determined.  These  are  almost  always 
employed  in  quantitative  work. 

The  funnel  must  be  perfectly  smooth  and  have  an  angle 
of  60°.  The  filter  is  chosen  according  to  the  size  of  the 
funnel ;  its  edge  nmst  be  at  least  a  third  of  an  inch  below  the 
rim  of  the  latter.  To  insert  the  filter,  it  is  folded  twice  in 
opposite  directions,  and  then  opened  in  such  a  way  that  three 
layers  of  paper  form  one  side,  and  one  the  other.  It  is  then 
placed  in  the  funnel,  moistened,  and  pressed  smoothly  against 
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the  sides  of  the  funnel,  with  the  forefinger,  until  no  space  is  left 
for  air  bubbles  (the  precipitate  cannot  be  completely  washed 
otherwise).  A  filter  folded  in  this  manner  will  fit  the  funnel 
only  when  the  latter  has  an  angle  of  60°.  If  this  is  not  the 
case,  the  filter  must  be  folded  to  a  slightly  obtuse  angle,  and 
then  opened  in  the  requisite  way.  In  this  manner  a  greater 
or  lesser  diameter  may  be  obtained,  and  the  filter  consequently 
fit  a  funnel  with  an  angle  of  either  more  or  less  than  60°. 
The  water  used  to  moisten  the  filter  must  be  allowed  to  run 
through  the  funnel,  and  not  be  poured  out.  In  the  operation 
of  filtration,  the  funnel  is  held  by  a  special  support  (it  is 
never  advisable  to  insert  it  into  the  neck  of  the  glass). 
The  proper  vessel — flask,  beaker,  or  dish — is  placed  below  it, 
in  such  a  manner  that  the  end  of  the  fimnel  touches  its  side, 
and  the  liquid  runs  down  the  latter;  the  filtrate  should 
never  be  allowed  to  drop  from  the  end  of  the  stem. 

Filtration. — The  operation  of  filtration  must  be  commenced 
only  after  the  precipitate  has  completely  subsided  and  the 
supernatant  liquid  become  clear  (the  precipitate,  especially 
if  it  be  crystalline,  will  otherwise  pass  through  the  filter). 
This  may  often  be  hastened  by  heating  the  liquid  on  the 
water-bath,  or  stinging  it  during  the  addition  of  the  reagent ;  as 
complete  precipitation  usually  requires  some  time,  however, 
the  precipitate  will,  as  a  rule,  have  subsided  by  the  time  it  is 
finished.  The  filtration  is  performed  as  follows.  The  liquid 
is  poured  from  the  vessel  along  a  glass  rod,  which  is  held 
against  the  rim  or  lip  of  the  vessel,  and  extends  to  the  side 
of  the  filter.  When  the  funnel  is  full,  the  rod  is  placed  in 
the  beaker,  care  being  taken  in  its  removal,  lest  a  drop  of  the 
liquid  be  thrown  off  and  lost.  It  is  advisable  to  grease  the 
outside  of  the  rim  of  the  vessel  before  the  operation  is  com- 
menced. Both  the  beaker  and  the  funnel  should  be  covered 
by  watch-glasses  during  the  filtration,  to  prevent  dust  from 
falling  into  the  solution.  The  supernatant  liquid  must  first 
be  filtered,  the  operator  being  careful  not  to  stir  up  the  sub- 
sided precipitate,  and  also  not  to  add  more  than  the  filter 
itself  will  hold.  The  precipitate  is  transferred  to  the  filter 
afterwards,  the  last  traces  being  rinsed  from  the  vessel  with 
a  little  water.  If  small  portions  of  the  precipitate  adhere 
obstinately  to  the  sides  of  the  vessel,  they  can  be  released  by 
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means  of  a  large  feather,  cut  away  iii  such  a  manner  as  ta 
le^ive  only  a  small  fan  at  the  end  of  the  quill ;  or  with  a 
glass  roil,  over  one  end  of  which  is  slipped  a  piece  of  rubber 
tul)ing.  The  particles  clinging  to  the  feather  or  rotl  are 
finally  rinsed  into  the  filter  with  the  rest.  After  a  little 
practice,  also,  the  precipitate  can  be  removed  by  a  steady 
streiim  of  water  from  the  water  bottle,  the  vessel  being 
almost  inverted  over  the  filter.  (It  may  sometimes,  though 
very  rarely,  happen  that  the  last  portion  of  the  precipitate 
must  be  redissolved  in  the  beaker  and  again  precipitated.)  Solu- 
tions should  be  filtered  while  hot,  if  possible,  tis  the  operation 
is  then  much  more  rapid  than  when  performed  in  the  cold. 

Washing. — The  precipitate  may  be  directly  collected  on 
the  filter  and  then  washed,  or  the  operation  may  be  preceded 
by  decantation,  as  will  be  explained  below. 

Washing  oil  the  filter. — The  liquid  employed  is  usually 
water  (sometimes  alcohol,  acids,  ammonia,  or  the  like).  It  is 
delivered  from  a  wash-bottle,  the  tube  from  which  the  liquid 
flows  being  bound  by  rubber  tubing  to  a  glass  tube  with  a  fine 
outlet,  so  that  the  finger  can  direct  the  stream  against  any 
section  of  the  filter.  Hot  water  should  be  used  whenever 
possible.  The  washing  must  not  be  commenced  until  all  the 
original  liquid  has  passed  through  the  filter;  the  stream  is 
then  directed  against  the  upper  part  of  the  filter,  to  which  the 
precipitate  nmst  not  extend.  The  filter  is  filled  each  time, 
and  one  portion  of  water  allowed  to  run  through  completely, 
before  another  is  added.  It  must  not  be  forgotten  to  wash 
the  upper  edge  of  the  filter,  and,  toward  the  end  of  the  opera- 
tion, to  drive  all  the  precipitate  into  the  bottom  of  the  cone. 
The  precipitate  cannot  be  considered  washed  until  a  satisfactory 
confirmatory  test  has  been  made  (by  evaporating  a  drop  of  the 
wash-water  on  platinum  foil,  adding  a  proper  reagent,  or  the 
like).  If  the  conditions  are  such  that  no  confirmatory  test  can 
be  made,  the  thoroughness  of  the  washing  must  be  judged 
from  the  quantity  of  water  used.  When  the  above  rules  are 
carefully  observed,  the  precipitate  need  be  washed,  as  a  rule,  only 
about  five  times.  The  operation  must  be  finished  in  one  day. 
Unwashed  precipitates  should  never  be  allowed  to  stand  over 
night  on  the  filter  and  washed  the  next  day.  If  the  time  is 
insufficient  for  the  whole  operation,  the  precipitate  must  not  be 
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tmnsferrecl  to  the  filter,  but  allowed  to  stand  under  water  in 
the  vessel  in  which  it  was  formed. 

The  time  required  for  washing  precipitates  may  be  materially  shortened 
by  using  a  flask,  in  the  stopper  of  which  the  funnel  fits  air-tight,  and 
sucking  out  the  air  by  means  of  a  water-pump,  or,  in  case  the  latter  is 
nuavailable,  by  an  aspirator.  The  method  is  inapplicable  for  gelatinous 
precipitates. 

Decantatioih  (see  p.  35)  alone  is  rarely  employed,  but 
when  accompanied  by  filtration,  is  one  of  the  most  frequent 
analytical  operations.  It  consists  in  pouring  only  the  solution 
through  the  filter.  The  precipitate  is  treated  with  water 
(hot  if  possible)  in  a  beaker,  thoroughly  stirred  with  a  glass 
rod,  allowed  to  settle,  and  the  clear  solution  then  filtered  off. 
After  this  operation  has  been  repeated  several  times,  the 
precipitate  is  itself  collected  on  the  filter,  and  its  washing  there 
completed.  This  method  ensures  more  perfect  (and  often  more 
rapid)  washing.  If  the  precipitate  is  to  be  redissolved  after  its 
washing  and  agsiin  thrown  out  (double  precipitation),  it  need 
not  be  brought  on  the  filter  at  all,  but,  after  thorough  decanta- 
tion,  is  redissolved  in  the  beaker ;  the  filter  through  which  the 
solution  was  decanted  must  in  this  case  be  also  washed  with 
the  solvent. 

§  142.  Determination  of  the  Weight  of  the  Precipitate. 

r.  By  ignitioiu  Drying  the  precipitate, — The  precipitate  having 
been  washed,  the  next  process  is  its  drying;  this  is  done 
without  removing  it  from  the  filter  or  taking  the  latter  from 
the  funnel  The  funnel  is  covered  with  a  piece  of  paper,  and 
the  oi>erator  holds  it  in  his  left  hand,  while  with  his  right  he 
folds  the  edges  of  paper  under,  below  the  rim,  in  such  a  manner 
as  to  form  a  well-fitting  and  secure  cover  (beakers,  containing 
solutions  which  must  be  protected  from  the  dust,  can  be 
secured  in  the  same  way).  The  funnel  is  then  placed  in  an 
air-bath  and  dried  at  100°  C. 

Ignition. — Since  the  ignition  of  a  precipitate  involves  the 
burning  of  the  filter,  it  is  necessary  to  know  the  weight  of  ash 
which  the  latter  yields  on  combustion.  Either  a  porcelain  or 
platinum  crucible  can  be  used  for  the  ignition,  the  choice 
depending  upon  the  character  of  the  precipitate,  and  platinum 
being  given  the  preference  whenever  possible.  The  crucible 
must  first  be  ignited  and  weighed  alone.     It  is  then  placed 
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upon  a  sheet  of  black  glazed  paper,  the  filter  taken  out  of  the 
funnel,  and  the  dry  precipitate  cautiously  transferred  to  the 
crucible.  Its  removal  from  the  filter  must  l>e  as  perfect  as 
possible,  and  can  be  accomplished  most  readily  by  gentle 
pressure  of  the  latter  with  the  fingers.  The  filter  is  next 
folded,  wound  about  with  a  platinum  wire,  and  set  aside  until 
the  small  pieces  of  the  precipitate  which  have  fallen  upon  the 
glazed  paper  have  been  swept  into  the  crucible,  by  means  of  a 
feather  fan.  The  next  step  is  the  burning  of  the  filter.  For 
this  purpose  the  crucible  is  again  placed  upon  the  glazed 
paper,  and  the  filter,  enveloped  in  the  platinum  spiral,  is  held 
directly  over  it  and  lighted  by  the  flame  of  a  gas-burner,  the 
latter  being  removed  as  soon  as  the  filter  is  on  fira  This 
preliminary  burning  affords  a  more  perfect  and  rapid  combus- 
tion. When  the  filter  has  ceased  to  bum  or  glow,  the  residual 
carbon  is  held  in  the  apex  of  a  low  flame  (still  over  the  crucible) 
until  all  the  residue  lias  become  white  (i.e.,  until  the  combustion 
of  the  carlx^n  is  complete).  The  wire  is  then  either  unwound 
or  pulled  straight,  in  such  a  manner  that  the  ash  will  fall  into 
the  ciiicible  beneath.  The  dust  caught  on  the  glazed  paper 
having  again  been  added  to  the  contents  of  the  crucible,  the 
latter  are  ready  for  ignition.  The  degree  of  heat  applied 
varies  between  wide  limits.  Subjection  to  the  flame  of  an 
ordinary  burner  for  fifteen  minutes  usually  suflBces,  but  a 
blow-pipe  must  at  times  be  employed.  When  the  operation 
has  been  finished,  the  crucible  is  allowed  to  cool  in  an 
exsiccator,  and  finally  weighed.  The  increase  in  weight  (over 
that  of  the  empty  crucible)  gives  the  quantity  of  the  precipitate 
plus  that  of  filter  ash. 

The  filter  may  sometimes,  though  very  seldom,  be  ignited 
with  the  precipitate  (only  when  the  latter  is  finally  divided, 
and  therefore  apt  to  be  carried  away  on  ignition,  especially  if  a 
gas  ]ye  evolved).  In  such  cases  the  dry  precipitate  is  rolled  up  in 
the  filter,  placed  in  the  crucible,  and  the  latter  covered  and 
very  gently  ignited,  to  secure  the  preliminary  charring  of  the 
filter.  When  this  has  been  attained,  the  cover  is  removed,  the 
crucible  placed  in  an  oblique  position,  and  a  stronger  heat 
applied  imtil  the  carbon  has  completely  burned  away  and  the 
residue  become  white  (the  addition  of  ammonium  nitrate  is 
advantageous,  when  possible). 
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Remark  1.  The  determination  of  the  asli  in  a  filter  is  made  in  the 
manner  described  above.  Ten  filters  are  folded  together,  bound  by  a 
platinum  spiral,  and  ignited  with  the  same  precautions.  The  ash  is 
collected  in  a  crucible  which  has  previously  been  ignited  and  weighed. 
The  weight  of  the  ash  obtained  from  the  ten  filters,  divided  by  ten,  gives 
that  of  each  one,  and  this  value  must  be  subtracted  from  the  weight  of 
the  ignited  precipitate.  The  ash  yielded  by  each  size  of  filters  must  of 
course  be  determined. 

Remark  2.  The  platinum  crucible. — Operations  w^ith  a  platinum 
crucible  involve  several  precautions,  which,  though  in  themselves  slight, 
will  in  the  end  be  found  very  valuable.  The  crucible  employed  must  be 
perfectly  clean  and  lustrous,  both  inside  and  out,  and  after  each  opera- 
tion must  be  cleaned,  dried,  and  polished.  It  may  be  cleaned  by  boiling 
with  dilute  hydrochloric  acid,  or,  if  this  is  insufficient,  by  fusing  acid 
potassium  sulphate  in  it,  and  rinsing  the  sides  with  the  molten  salt.  It 
is  polished  by  rubbing  a  little  moist  talc  or  fine  sand  over  it  with  the 
finger,  washing  with  distilled  water,  and  igniting.  For  ignition,  the 
crucible  is  placed  on  a  triangle  made  of  platinum  wire,  or,  which  is 
cheaper,  of  iron  wire  wound  with  platinum  foil.  Iron  triangles  protected 
by  pipe-clay  have  recently  been  used  with  advantage,  but  the  latter  are 
unfitted  for  operations  which  involve  protracted  ignitiim,  as  in  such  cases 
they  are  apt  to  injure  the  platinum.  Much  caution  is  required  in  using 
the  gas-burner  for  the  ignition  of  platinum  crucibles.  Only  the  upper, 
non-luminous  cone  must  be  allowed  to  come  in  contact  with  the  crucible  ; 
if  a  luminous  flame,  or,  still  worse,  the  inner  cone,  be  employed  (which 
at  the  same  time  produces  less  heat),  it  may  lead  to  the  formation 
of  platinum  carbide,  which  is  very  brittle,  and  completely  destroy  the 
crucible.  The  various  substances  for  the  ignition  of  which  platinum 
crucibles  cannot  be  used,  have  already  been  mentioned  (see  Fusion). 

II.  Detennination  on  a  weighed  filter  is  employed  when 
the  ignition  of  the  substance  is  impossible  or  involves  com- 
plications in  the  analysis.  The  method  is  much  more  apt  to 
give  rise  to  errors  than  ignition.  The  filter  to  be  used  for 
the  collection  and  drying  of  the  precipitate  must  first  be  dried 
and  weighed,  the  same  temperature  being  employed  as  that 
intended  for  the  precipitate  (usually  100°- 110°  C.)  The  latter 
precaution  is  necessitated  by  the  fact  that  the  weight  lost  by 
the  paper  depends  upon  the  temperature  to  which  it  is  heated. 
The  filter  is  weighed  either  between  two  watch-glasses,  held 
together  by  a  clamp,  or  in  a  light,  wide  weighing  glass  (or 
a  glass  tube,  over  which  passes  another  of  slightly  larger 
diameter;  see  §  139,  Weighing).  As  filter  paper  is  extremely 
hygroscopic,  it  must  be  placed  in  an  exsiccator  to  cool  before 
being  weighed.  It  is  advantageous  to  weigh  the  whole 
apparatus  without  paying  attention  to  the  weight  of  the  filter 
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alone.  The  drying  cannot  be  considered  finished  until  two 
consecutive  weighings  give  the  same  results.  The  precipitate 
is  next  collected  upon  the  prepared  filter,  washed,  and  dried  in 
the  funnel,  with  the  same  precautions.  The  filter  is  finally 
taken  from  the  funnel,  folded  about  the  precipitate,  and  placed 
between  the  watch-glasses  or  in  the  weighing  glass  previously 
used.  It  is  then  dried  to  a  constant  weight,  at  the  same 
temperature  as  was  employed  to  dry  the  filter  in  the  fii*st  place. 
The  increase  in  weight  is  equal  to  the  weight  of  the  precipitate. 
When  acid  solutions  are  to  be  filtered,  greater  accuracy  is 
secured  by  washing  the  filter,  first  with  dilute  hydrochloric  acid 
and  then  with  water,  before  it  is  dried  and  weighed. 

The  determination  having  been  finished,  the  quantity  of 
the  element  is  calculated  from  that  of  its  compound.  The 
calculation  of  results  and  their  checks  have  already  been 
explained  (§  114). 

EXAMPLES 

§  143.  Laboratory  practice  in  quantitative  analysis  has  for 
its  purpose  the  completion  of  the  student's  chemical  training, 
by  making  him  familiar  with  exact  work.  The  time  to  be 
spent  in  fulfilling  this  object,  and  the  proper  period  for  begin- 
ning, depend  entirely  upon  the  progress  of  the  student.  As 
it  is  both  impossible  and  unnecessary  to  go  through  all  the 
(quantitative  operations,  the  work  nmst  be  so  conducted  as  to 
render  the  student  capable  of  carrying  out  any  analysis,  the 
description  of  which  has  been  given  him,  and  to  familiarise 
him  with  the  principal  methods.  He  must  also  learn  how 
smgle  reactions  can  be  combined  in  quantitative  separations, 
and  when  this  has  been  attained,  he  must  become  able  to  com- 
pare them  critically,  so  that  he  can  exercise  good  judgment 
in  choosing  the  methods  which  he  thinks  the  best  or  most 
expedient  in  a  given  analysis.  The  point  also,  at  whicli  the 
student  can  give  up  quantitative  analysis,  depends  only  upon 
himself.  It  should  at  least  be  continued  until  he  not  only  has 
complete  confidence  in  his  results,  but  can  demonstrate  their 
correctness.  It  is  impossible  to  specify  for  all  when  this  point 
is  reached.  One  passes  on  rapidly,  another  more  slowly ;  but 
it  is  always  advisable  to  present  the  work  in  regular  gradua- 
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tioiis,  such  as  are  seen  in  the  following  examples.  In  tlie 
references  which  these  contain,  paragraphs  are  denoted  by  §,  the 
different  analyses  by  No. 


Practice  is  begun  with  simple  determinations,  for  which  the 
most  accurate  methods  have  been  developed.  If  several  deter- 
minations are  to  be  made  from  the  same  salt,  separate  portions 
of  the  latter  should  be  taken  for  each.  These  analyses  should 
be  made  with  pure  compounds,  in  order  to  ensure  the 
student  a  check  on  his  results.  If,  for  instance,  the  salt  con- 
tains water,  it  should  be  freshly  crystallised  (repeated  crystal- 
lisation is  sometimes  necessitated  in  obtaining  the  salt  in  a 
pure  state),  and  the  student  must  convince  himself,  further- 
more, that  no  water  of  crj^stallisation  has  been  lost,  or,  in 
general,  that  the  composition  of  the  compound  taken  for 
analysis  is  well  defined.  Compounds,  the  composition  of  which 
cannot  be  relied  upon,  should  first  be  converted  to  the  an- 
hydrous state.  A  check  on  the  analysis  is  found  in  the  agree- 
ment or  non-agreement  of  its  results  with  the  values  required 
by  theory. 

1.  Baiimn  Chloride,  BaClg+^H^O. — How  much  water, 
barium,  and  chlorine  does  crystallised  barium  chloride  contain? 
The  pure  salt  (recrystallised  if  necessary)  is  pulverised,  dried 
between  two  layers  of  filter  paper,  and  immediately  weighed 
off  for  the  water  determination. 

Deter7aination  of  water. — Weigh  two  watch-glasses,  together 
with  a  clamp,  and  then  place  in  one  of  them  about  1*6  gr.  of 
the  salt.  Clamp  the  two  glasses  together  and  weigh  again  ;  the 
difference  is  the  weight  of  the  salt  taken.  Dry  in  an  air-bath, 
at  a  temperature  of  125*'  C.  (§  138),  separating  the  glasses 
(hiring  the  operation,  but  shutting  them  together  with  the 
clamp  again  before  weighing  the  dry  substance.  The  salt  can- 
not be  considered  perfectly  anhydrous  until  the  weight  remains 
constant,  i.e.,  is  the  same  in  two  consecutive  weighings  made  at 
an  interval  of  an  hour.  The  loss  in  weight  equals  the  amount 
of  water  of  crystallisation.  Calculate  the  result  to  percentage, 
and  compare  the  value  obtained  with  that  required  by  theory 
(§  114).  Now  transfer  the  anhydrous  salt  to  a  glass  tube, 
and  pour  two  portions  of  it  from  the   latter  into  separate 
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weighing  glasses.  One  portion  is  for  the  determination  of  the 
barium  (as  sulphate),  the  other  for  that  of  the  chlorine  (as 
silver  chloride). 

Determination  ofharium,  §  118. — Weigh  oft'  0*7  gr.;  dissolve 
it  in  water  with  application  of  gentle  heat,  and  add  a  few 
cubic  centimeters  of  hydrochloric  acid.  Then  heat  the  solution 
to  incipient  boiling,  and  precipitate  with  dilute  sulphuric  acid 
(making  a  confirmatory  test  for  complete  precipitation).  Keep 
the  solution  hot  for  some  time,  imtil  the  precipitate  has 
thoroughly  settled,  and  then  filter  (§  141),  washing  the  pre- 
cipitate with  hot  water,  first  by  decautation,  and  then  on  the 
filter  (§  141).  The  washing  must  be  continued  until  the 
sulphuric  acid  is  removed,  i.e.,  until  the  filtrate  shows  no  pre- 
cipitate on  the  addition  of  barium  chloride.  Dry  the  precipitate 
(§  142),  remove  it  from  the  filter  to  a  weighed  platinimi  crucible, 
and  ignite  the  filter  in  a  platinum  spiral,  letting  the  ash  fall 
into  the  crucible  (§  142).  Ignite  the  latter,  containing  both 
the  precipitate  and  ash,  for  twenty  minutes,  and  finally  weigh. 
Calculate  the  barium  found  to  percentage  of  barium  chloride, 
and  check  the  result  by  comparison  with  the  percentage  of 
barium  in  the  anhydrous  salt  according  to  the  formula,  BaCl^ 

(§  114). 

Determination  of  chlorine, — Weigh  off"  about  0*5  gr.  Dis- 
solve this  in  water,  and  acidify  with  nitric  acid.  Precipitate 
with  silver  nitrate,  heating  the  liquid  to  70°  C,  and  making  a 
confirmatory  test  for  the  completeness  of  the  precipitation  ;  put 
the  liquid  aside  for  twelve  hours.  The  subsequent  operations 
are  as  in  the  determination  of  silver  (§  127).  The  quantity 
of  chlorine  is  calculated  from  the  silver  chloride,  and  the 
results  checked  by  comparison  with  the  percentage  of  chlorine 
corresponding  to  the  formula  BaCl^  (§  114). 

2.  Determination  of  Iron. — How  much  pure  iron  is  there 
in  a  piece  of  iron  wire  ?  Weigh  oft"  0*15-0'2  gr.  of  piano  wire 
(which  must  be  clean  and  free  from  rust)  on  a  watch-glass,  and 
dissolve  it,  in  a  beaker,  in  hydrochloric  acid  of  medium  con- 
centration, with  occasional  addition  of  nitric  acid  to  aid  the 
oxidation.  The  beaker  should  be  protected  by  a  watch-glass, 
and  the  liquid  gently  warmed  (§  124).  Einse  the  watch- 
glass  oft*  with  water,  heat  the  solution  to  incipient  boiUng, 
and  precipitate  the  ferric  hydroxide  with  ammonia,  as  in  §  121 
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(make  a  confirmatory  test,  to  see  whether  the  precipita- 
tion is  complete).  Filter  the  supernatant  liquid,  wash  by 
decantation  and  then  on  the  filter,  using  hot  water.  To 
ascertain  whether  the  washing  has  been  thorough  (ammonium 
chloride  is  especially  detrimental),  test  the  filtrate  with  silver 
nitrate,  after  the  addition  of  nitric  acid ;  it  must  cause  neither 
a  precipitate  nor  turbidity.  Dry  the  precipitate,  separate  it 
from  the  filter,  and  ignite  in  a  platinum  crucible,  adding  the 
ash  of  the  filter,  which  must  be  burned  by  itself  (§  142). 
After  weighing  the  ferric  oxide  obtained,  ascertain  its  purity  by 
solution  in  concentrated  hydrochloric  acid.  If  a  white  residue 
remains  (it  is  silica),  it  must  be  filtered  off,  washed,  ignited,  and 
weighed,  and  its  weight  subtracted  from  that  of  the  ferric 
oxide.  To  answer  the  question  as  to  how  much  iron  the  wire 
contains,  calculate  the  oxide,  Fe^Og,  to  the  metal,  and  find  the 
percentage  (§  114). 

3.  AlTUn,  KA1(S0J2+ I2H2O.  Determination  of  the 
aluminium  (according  to  §  121  a). — The  estimation  of  the 
water  is  somewhat  complicated  (it  is  made  in  the  manner 
described  in  No.  4  or  No.  5).  The  alum  taken  must  be  freshly 
crystallised,  powdered,  and  dried  between  sheets  of  filter  paper. 
Weigh  off  l*5-2'0  gr.  Dissolve  in  water  in  a  beaker,  and  after 
heating  almost  to  boiling,  add  ammonium  chloride ;  precipitate 
with  a  slight  excess  of  ammonia,  and  then  boil  the  solution 
for  a  few  minutes.  Filter,  and  wash  with  hot  water,  first  by 
decantation,  finally  on  the  filter.  Dry  the  precipitate  very 
thoroughly,  ignite  it  (the  filter  must  always  be  burned  alone) 
at  first  very  carefully  (in  a  closed  crucible),  and  subsequently 
before  the  blow-pipe.  Calculate  the  weight  of  aluminium  oxide 
to  percentage. 

4.  Copper  Salphate,  CuSO^  +  SH^O. — Determine  the  water 
as  in  No.  1,  at  first  at  120*'-140°  C,  until  the  weight  is  con- 
stant, then  at  250''-260*'  C.  (in  an  iron  air-bath,  or  as  in  No. 
5).  Make  the  determination  with  2  0  gr.,  and  heat  as  in  No. 
1,  until  a  constant  weight  has  been  obtained. 

Determination  of  coppery  as  oxide,  according  to  §  127  c. — 
Weigh  off  10  gr.  It  is  preferable  to  make  the  estimation  with 
the  hydrated,  recently  crystallised  salt.  If,  during  the  filtration 
of  the  cupric  hydroxide,  the  last  particles  of  the  precipitate 
adhere  obstinately  to  the  sides  of  the  beaker,  they  may  be 

2d 
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dissolved  in  a  few  drops  of  nitric  acid  and  the  solution  (evapor- 
ated to  a  smaller  bulk  if  necessary)  poured  into  the  crucible 
containing  the  rest  of  the  precipitate.  The  contents  of  the 
crucible  are  then  evaporated  to  dryness  on  the  water-bath  and 
finally  ignited. 

Determination  of  sulphuric  acid. — Weigh  off  I'O  gr.  (of  the 
hydrated  salt).  Precipitate  the  hot  solution  with  barium 
chloride  in  presence  of  a  few  cubic  centimeters  of  hydrochloric 
acid,  and  then  proceed  as  in  the  determination  of  barium  in 
No.  1.  Make  a  confirmatory  test  of  the  thoroughness  of  the 
washing,  by  testing  a  portion  of  the  filtrate  with  sulphuric 
acid. 

5.  Sodium  Acid  Phosphate,  Na^HPO^ -|- 1 2H2O. — Place 
the  portion  designed  for  the  water  determination  in  a  platinum 
crucible,  taking  about  10  gr.  Heat  the  crucible  to  100°  C, 
then  to  150°,  and  finally  place  it  directly  over  the  burner,  but 
a  few  inches  above  it,  to  prevent  the  crucible  becoming  red-hot. 
Twelve  molecules  of  water  will  thus  be  driven  off;  on  ignition, 
the  salt  parts  with  still  more  water,  and  sodium  pyrophosphate 
is  formed.  The  water  may  be  considered  expelled  as  soon  as 
the  weight  remains  constant. 

Determination  of  jphosplioric  add, — Weigh  off  1  gr.  of  the 
hydrated  salt  (freshly  crystallised  and  dried  between  sheets  of 
filter  paper).  Dissolve  in  water,  add  ammonium  chloride,  and 
precipitate  the  solution  with  magnesia  mixture,  according  to 
§136.  The  crystallised  salt  must  be  taken  for  this  deter- 
mination, because  the  transition  of  the  ignited  salt  (the  pyro- 
phosphate) to  the  orthophosphate  is  very  slow. 

In  closing  this  first  series  of  analyses,  we  remark  that  the 
determinations  which  it  contains  are,  so  to  speak,  in  many 
instances  twofold.  For  example,  sulphuric  acid  is  determined 
in  almost  exactly  the  same  manner  as  barium,  chlorine  as 
silver,  etc. 

II 

SEPARATIONS 

In  the  following  analyses,  two  or  more  determinations  are 
made  with  one  portion  of  the  substance.  Well-defined  salts 
are  at  first  employed,    in  order    to  obtain  a  check    on    the 
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analysis.  A  definite  quantity  of  each  salt  is  weighed  off,  the 
respective  samples  mixed  together,  and  the  determinations 
made  with  the  mixture.  Double  salts  may  also  be  taken. 
The  calculation  of  the  theoretical  quantities  is  obvious,  when 
the  weight  of  each  of  the  salts  is  known. 

6.  Separation  of  Iron  from  Manganese. — Weigh  off 
0*l-0'2  gr.  piano  wire,  and  about  0*3  gr.  of  pure  mangano- 
manganic  oxide  (prepared  as  in  the  determination  of  man- 
ganese ;  see  below).  Dissolve  in  hydrochloric  acid,  in  a  flask 
or  beaker  covered  by  a  watch-glass,  and  add  a  little  nitric 
acid  from  time  to  time  during  the  operation  (comp.  No.  2). 

Separation  of  the  iron. — Eemove  the  iron  from  solution  by 
precipitation  with  sodiimi  acetate,  as  in  §  122  a. 

Determination  of  the  manganese, — Throw  down  the  man- 
ganese from  the  filtrate  with  sodium  carbonate,  according  to 
§  123,  and  weigh  it  as  Mn^O^ ;  to  secure  accurate  results  the 
conditions  given  must  be  closely  observed. 

7.  Analysis  of  Marble  (or  preferably  of  Iceland  spar). — 
Weigh  off  1*0  gr.,  and 

Determine  the  carbonic  acid  from  the  loss,  by  means  of  the 
apparatus  described  in  §  138  J.  The  apparatus  should  be 
prepared  by  the  student  himself. 

Determination  of  calcium. — ^Weigh  off  0*5  gr.  and  dis- 
solve it  in  hydrochloric  acid  in  a  beaker.  The  acid  must  be 
added  gradually,  and  the  beaker  covered  by  a  watdi- glass 
during  the  process  of  solution.  When  the  substance  has 
entirely  dissolved,  heat  the  solution,  to  drive  out  the  carbon 
dioxide,  rinse  off  the  watch-glass,  and  finally  precipitate  the 
calcium  with  ammonium  oxalate,  according  to  §  118.  Be 
careful  to  pour  only  the  liquid  upon  the  filter  during  decanta- 
tion,  without  stirring  up  the  precipitate,  and,  while  completing 
the  washing  on  the  filter,  not  to  add  hot  water  imtil  all  the 
last  portion  has  filtered  through.  If  these  precautions  are 
not  observed,  the  precipitate  will  run  through  the  filter. 
Weigh  as  calcium  oxide,  according  to  §  118. 

8.  Potassium  Sodium  Oarbonate,  NaKCOg  (determination 
and  separation  of  the  alkalies). — The  double  salt  of  the  above 
formula  is  obtedned  by  ignition  of  potassiimi  sodiimi  tartrate. 
It  must  be  strongly  ignited  before  the  weighing. 

Weigh  off  I'O    gr.,  dissolve  it  in  water,  and  add  dilute 
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hydrochloric  acid,  covering  the  beaker  with  a  watch-glass. 
Evaporate  the  solution  to  dryness,  and  ignite  the  residue  very 
gently  in  a  weighed  platinum  dish,  as  directed  in  §  116. 
Weigh  the  chlorides  obtained,  and  then  determine  their 
chlorine  as  in  No.  1  (indirect  determination  of  the  alkalies ; 
calculation,  §  117).  If  you  wish  to  make  the  separation  by 
a  direct  method,  dissolve  the  salt  in  hydrochloric  acid  and 
remove  the  potassium  with  platinic  chloride,  according  to 
§§116  and  117.  The  sum  of  the  chlorides  being  already 
known,  the  amount  of  sodium  is  determined  by  the  difference. 


Ill 

We  now  pass  to  the  analysis  of  alloys.  An  accurate 
qualitative  examination  must  first  be  made,  and  the  course  of 
procedure  be  governed  by  the  results  obtained.  As  regards 
the  sample  of  the  substance  to  be  taken,  consult  §  139. 

9.  Silver  Ooin. — ^Weigh  off  0*7-10  gr.,  and  dissolve  it 
in  8-10  c.c.  of  nitric  acid  (sp.  gr.  1*2),  in  a  beaker.  If  gold 
is  present,  it  remains  undissolved;  filter  it  off,  ignite,  and 
weigh.  Determine  the  silver  by  precipitation  with  hydro- 
chloric acid  according  to  §  127,  and  the  copper  as  in  No.  4 
(after  concentrating  the  silver  chloride  filtrate,  if  necessary, 
by  evaporation). 

10.  Brass  (often  contains  small  quantities  of  tin,  lead,  or 
iron). — ^Weigh  off  2  gr.,  and  dissolve  in  nitric  acid  (§  140). 
If  tin  be  present,  the  solution  must  be  evaporated  to  diyness 
on  the  water -bath,  and  the  residue  treated  with  nitric  acid 
and  water.  Heat  the  solution,  filter  off  the  stannic  acid 
(which  is  determined  according  to  §  129),  add  about  20  c.c.  of 
dilute  sulphuric  acid  to  the  filtrate,  and  evaporate  to  dryness 
on  the  water -bath.  Treat  the  dry  residue  with  water,  and 
filter  off  the  lead  sulphate  (on  a  weighed  filter ;  determination, 
§  127),     The  filtrate  contains  copper  and  zinc. 

Determination  of  the  copper, — The  solution  must  not  con- 
tain a  large  excess  of  sulphuric  acid.  Add  an  aqueous  solu- 
tion of  sulphurous  acid,  and  precipitate  with  a  slight  excess 
of  potassium  sulphocyanate.  Allow  the  precipitate  to  settle, 
filter,  dry,  and  ignite  it  with  sulphur  in  a  current  of  hydrogen, 
as  in  Eose's  method  (§   127  c;  §  123).     Weigh  as  cuprous 
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sulphide,  Cu^S.  The  sulphur  must  be  tested  before  being 
used ;  5  gr.  must  leave  no  residue  on  combustion. 

JDetermincUian  of  the  zinc. — Concentrate  the  filtrate  from 
the  cuprous  sulphocyanate  by  evaporation,  and  precipitate 
the  zinc  with  sodium  carbonate,  carefully  following  the  direc- 
tions given  in  §  123.  Determine  it  as  the  oxide.  If  iron 
was  present  in  the  brass,  it  will  be  precipitated  together  with 
the  zinc  carbonate. 

11.  Solder  (lead  and  tin). — Treat  the  finely-divided  alloy 
with  nitric  acid,  evaporate  to  dryness,  and  extract  the  residue 
with  water  and  nitric  acid,  as  in  No.  10  and  §  129  (test  the 
purity  of  the  stannic  oxide  by  fusion  with  sodium  carbonate 
and  sulphur;  §  130).  Evaporate  the  filtrate  to  dryness  with 
dilute  sulphuric  acid  (in  a  porcelain  casserole),  filter  off  the 
lead  sulphate,  and  determine  the  lead  according  to  §  127. 
If  the  alloy  contained  any  other  constituents,  they  will  be 
found  in  the  filtrate  from  the  lead  sulphate  (test  with  am- 
moniimi  sulphide), 

12  a.  Bronze  (tin  and  copper). — ^Weigh  off  1*0  gr.  of  the 
alloy,  treat  it  with  nitric  acid,  and  when  the  oxidation  is 
complete,  evaporate  the  solution  almost  to  dryness.  Moisten 
the  residue  with  hydrochloric  acid,  let  it  stand  for  some  time, 
and  then  add  water  (this  brings  the  metastannic  acid  into 
solution  ;  §  75).  Precipitate  the  tin  from  the  resulting  solu- 
tion by  means  of  sodiimi  sulphate  or  ammonium  nitrate, 
consulting  §  129  upon  the  operation  and  subsequent  deter- 
mination.    Determine  the  copper  in  the  filtrate  as  in  No.  4. 

12  b,  Qerman  Silver  (copper,  nickel,  zinc — usually  to- 
gether with  traces  of  tin,  lead,  iron,  cobalt,  and  manganese). 
— Weigh  off  1*0-1'5  gr. ;  treat  it  with  nitric  acid,  evaporate 
to  dryness,  and  separate  the  stannic  oxide  as  in  No.  10. 
Evaporate  the  filtrate,  adding  20-30  drops  of  sulphuric  acid 
toward  the  end,  and  filter  off  the  lead  sulphate  (No.  11). 
Add  2  cc.  of  concentrated  hydrochloric  acid  to  the  filtrate,  and 
then  precipitate  the  copper  with  hydrogen  sulphide.  Weigh 
as  cuprous  sulphide,  as  in  No.  10.  Evaporate  the  copper 
sulphide  filtrate  to  dryness,  to  remove  the  hydrochloric  acid, 
and  dissolve  the  residue  in  water ;  transfer  it  to  an  Erlen- 
meyer  flask,  exactly  neutralise  with  potassium  hydroxide,  and 
after  adding  a  little  sodium  acetate,  treat  with  hydrogen  sul- 
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phide.  When  the  solution  has  become  saturated  with  the 
gas,  close  the  flask  with  a  good  cork,  and  put  it  aside  for 
several  hours.  Determine  the  zinc  as  zinc  sulphide  (§  123). 
Free  the  filtrate  from  hydrogen  sulphide  by  boiling,  oxidise 
the  ferrous  iron  with  bromine,  and  then  precipitate  ferric 
hydroxide  with  ammonia.  Filter  off  the  precipitate,  ignite, 
and  weigh.  The  filtrate  contains  nickel ;  it  is  best  deter- 
mined by  the  electrolysis  of  its  solution  in  ammonium  oxalate 
(VII). 

IV 

13.  Bone  Ash  (calcium  carbonate  and  phosphate,  with  a 
small  quantity  of  magnesium  phosphate). — The  analysis  is  made 
vrith  thoroughly  ignited  bona  The  substance  should  be  pre- 
viously dried  at  100"  C. 

Determination  of  the  carbonic  acid  from  the  loss,  as  in 
§  138  6;  use  1*0  gr.  for  the  estimation.  To  determine  the 
other  constituents,  weigh  off  1*0  gr.,  dissolve  in  the  least 
possible  quantity  of  dilute  hydrochloric  acid  (in  a  beaker 
covered  by  a  watch-glass),  neutralise  with  sodium  carbonate, 
and  add  sodium  acetate  and  acetic  acid.  Precipitate  the 
calcium  from  the  acetic  acid  solution  with  ammonium  oxalate, 
according  to  No.  7  (a  double  precipitation  is  necessary ;  §  120, 
II.,  and  §  141).  Concentrate  the  filtrate  by  evaporation  on 
the  water -bath,  allow  it  to  cool,  and  then  precipitate  with 
ammonia.  Filter  off  the  precipitate  of  ammonium  magnesium 
phosphate,  and  weigh  it  (No.  5).  This  precipitate  contains 
all  the  magnesium  and  a  portion  of  the  phosphoric  acid. 
Concentrate  the  filtrate  if  necessary,  and  determine  the  re- 
mainder of  the  phosphoric  acid  by  precipitation  with  magnesia 
mixture  (as  in  No.  5).  By  this  method  all  the  phosphoric 
acid  is  found  in  two  determinations. 

14.  Oamallite,  KCl,  MgClg  +  GHgO. — ^The  mineral  usually 
contains  sodium  chloride,  calcium  sulphate,  and  ferric  oxide 
as  impurities.  The  water  can  be  determined  most  accurately 
by  the  use  of  lead  oxide.  Pour  3-4  gr.  of  the  latter  into  a 
weighed  crucible,  ignite,  being  careful  not  to  fuse  the  oxide, 
and  find  the  exact  weight  of  the  latter.  Now  add  the 
substance,  weigh  again,  and  heat  the  mixture  at  a  temperature 
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of  150°   C.   until  all  the  water  has   escaped.     The  loss  in 
weight  represents  the  water. 

Weigh  off  a  second  portion  for  the  determination  of  the 
other  constituents ;  dissolve  in  water,  filtering  off  and  weighing 
.  the  insoluble  ferric  oxide.  If  calcium  is  present,  separate  it 
as  in  No.  13.  Evaporate  the  filtrate  on  the  water-bath,  dry 
the  residue,  and,  without  transferring  it  to  another  dish,  drive 
off  the  ammonium  salts  by  ignition.  The  following  method  is 
still  more  satisfactory :  transfer  the  dry  residue  to  another 
dish,  with  the  aid  of  a  platinum  spatula,  and  let  it  stand  under 
an  exsiccator  while  you  rinse  the  first  dish  out  with  water ; 
pour  the  wash -water  into  a  small  platinum  vessel,  and 
evaporate  it  to  dryness.  Ignite  this  portion  first,  then  add 
the  chief  portion  of  the  residue,  ignite  again,  and  finally  add 
the  rinse  water  of  the  second  dish  and  ignite  a  third  time. 

Separation  of  the  magnesium  from  the  alkalies, — ^Dissolve 
the  final  residue  in  water  and  hydrochloric  acid,  transfer  the 
solution  to  a  platinum  crucible,  separate  the  magnesium  with 
mercuric  oxide,  and  determine  it  as  the  oxide,  MgO,  according 
to  §  120.  The  alkaHes  can  be  determined  as  chlorides,  by 
evaporating  the  liquid  to  dryness  and  carefully  igmting  the 
residue.  After  the  determination  has  been  made,  dissolve  the 
chlorides  in  the "  least  possible  quantity  of  water,  filter,  and 
weigh  the  trace  of  magnesium  oxide  which  they  contain. 


Silicates. — ^The  description  of  analyses  of  individual  sili- 
cates would  require  more  space  than  can  be  assigned  to  the 
subject  in  this  book,  but  the  principal  operations  required  are 
illustrated  in  the  following  examplea 

Special  attention  must  be  paid  to  the  pulverising  of  the 
mineral  (§  139).  The  majority  of  silicates  contedn,  together 
with  their  silica,  the  elements:  iron  (ferrous  and  ferric), 
aluminium,  manganese  (almost  always,  but  usually  in  small 
quantities),  magnesium,  calcium,  and  the  alkalies.  The  quan- 
tities in  which  they  are  present  vary  greatly  in  different 
silicates,  and  must  be  approximately  estimated  in  the  prelimi- 
nary qualitative  examination,  in  order  that  the  analyst  may 
select  the  best  quantitative  methods  for  their  determination. 


408  ANALYTICAL  CHEMISTRY  orav.  anal. 

The  analysis  must  be  preceded  by  ignition  of  the  mineral  and 
determination  of  the  resulting  loss.^ 

15.  Silicates  which  are  decomposed  by  Acids. — Weigh 
off  20  gr.,  or  less,  according  to  the  number  of  constituents  to 
be  estimated.  Determine  the  silica  according  to  the  directions 
given  in  §  138  a,  and  test  its  purity  by  treating  it  with  con- 
centrated hydrochloric  acid  (§  138  ;  it  usually  contains  traces 
of  aluminium).  Determine  the  metals  in  the  filtrate  from  the 
silica. 

Determination  of  iron  and  aluminium.  a.  In  presence 
of  manganese, — 1.  Eemove  most  of  the  free  hydrochloric  acid 
by  evaporation,  neutralise  with  sodiimi  carbonate,  and  precipi- 
tate with  sodium  acetate  as  in  No.  7  (ammonium  salts  must 
be  substituted  for  those  of  sodium  in  case  the  alkalies  are  to 
be  determined).  Filter  ofif  the  precipitate  and  determine  the 
iron  and  aluminium  which  it  contains,  according  to  §  122  c. 
Test  the  purity  of  the  ignited  precipitate  by  solution  in  an 
acid.  Fuming  hydrochloric  acid  can  be  used  if  the  two  metals 
are  not  to  be  separated ;  if  they  are,  the  test  may  be  combined 
with  the  subsequent  operations.  The  simplest  course  is  to 
fuse  the  oxides  with  acid  potassium  sulphate  and  dissolve  the 
resulting  sulphates  in  water,  or  to  simply  dissolve  them  in 
sulphuric  acid  (8  parts  H^SO^,  3  parts  H^O).  The  oxides  are 
placed  in  a  covered  beaker,  and  solution  assisted  by  applying 
a  slight  heat  and  crushing  the  substance  with  a  glass  rod.  If 
silica  is  present  it  remains  undissolved  (the  confirmatory  test)  ; 
filter  it  off,  and  determine  it,  adding  its  weight  to  that  of  the  chief 
portion.  Treat  the  solution  with  zinc,  in  a  current  of  carbon 
dioxide,  and  titrate  the  iron  with  potassium  permanganate 
(Volumetric  Analysis,  §  150).  2.  Neutralise  the  solution 
as  before,  and  precipitate  with  barium  carbonate.  (This 
method  is,  of  course,  inapplicable  when  the  mineral  contains 
barium.)  Dissolve  the  washed  precipitate  in  hydrochloric 
acid,  in  a  covered  beaker  (look  for  silica),  remove  the  excess 
of  barium  with  sulphuric  acid ;  and  precipitate  the  iron  and 
aluminium  from  the  hot  solution  with  ammonia.  Estimate 
them  as  in  No.  2  and  No.  3,  or  separate  them  as  above. 

b.    When    manganese    is    absent,    heat   the  solution  to  in- 

^  The  loss  by  ignition  is  often  of  great  importance  in  determining  the  com- 
position of  a  mineral. 
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cipient  boiling,  and  add  ammonium  chloride  and  ammonia  (the 
latter  must  be  freshly  prepared  and  contain  no  carbonate ;  it 
must  give  no  precipitate  with  barium  chloride).  Boil  the 
solution  imtil  the  ammonia  has  been  driven  off,  and  proceed  as 
above.  (The  presence  of  silica  can  be  decided  only  when  a 
platinum  dish  is  employed.)  A  simpler  method  consists  in 
precipitating  with  ammonia,  decantating  the  supernatant  liquid 
through  a  filter,  redissolving  the  hydroxides  in  hydrochloric 
acid,  and  again  precipitating  them  with  ammonia.  After 
having  weighed  the  oxides,  dissolve  them  in  fuming  hydro- 
chloric acid,  and  filter  off  and  determine  the  silica  if  present. 

Separation  of  manganese. — ^Evaporate  the  filtrate  from  the 
iron  and  aluminium  hydroxides,  if  necessary;  treat  with  bromine 
water,  and  precipitate  with  ammonia.  Be  sure  that  all  the 
manganese  is  thrown  down.  Filter,  dissolve  the  precipitate  in 
hydrochloric  acid,  and  determine  the  manganese  as  oxide 
(§123  a).  The  method  is  not  absolutely  exact,  as  the  precipi- 
tate almost  always  contains  calcium  and  magnesium  oxides 
and  the  alkalies.  If  only  traces  of  manganese  are  present, 
oxidise  the  solution  with  bromine,  and  precipitate  the  man- 
ganese together  with  the  aluminium  and  ferric  hydroxides.  The 
separation  from  Groups  L  and  II.  is  more  accurately  accom- 
plished by  means  of  ammonium  sulphide  (§123  b). 

Separaiion  of  calcium^  magnesium^  and  the  alkalies. — Pre- 
cipitate the  calcium  with  ammonium  oxalate  as  in  No.  13. 
(Double  precipitation  is  necessary.)  Separate  the  magnesium 
from  the  alkalies  as  in  No.  14,  or,  if  but  little  magnesium  is 
present,  by  direct  precipitation  with  ammoniimi  sodium  phos- 
phate, as  in  No.  5  (§  120). 

16.  Silicates  which  are  not  decomposed  by  Adds. 
Feldspar. — The  mineral  must  be  very  finely  pulverised,  and 
the  loss  by  ignition  determined. 

Determination  of  the  silica. — Fuse  the  substance  with  the 
alkali  carbonate  mixture  ^  and  estimate  the  silica  according 
to  §  138.  (Test  its  purity  by  extraction  with  fuming  hydro- 
chloric acid.)  Determine  the  aluminium  and  iron  by  pre- 
cipitation with  ammonia,  as  in   the  foregoing  example,  and 

^  If  a  silicate  containing  manganese  be  fused  with  alkali  carbonates,  the 
manganese  imparts  to  the  product  a  bluish,  or,  if  present  in  quantity,  a  green-blue 
colour. 
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afterw«nk  ihs^ATft  thr  wei^jed  ozhies  in  fmfng  iijdrochlodc 
acid  and  estimate  ihk  aUkst  which  tbej  coauzzL  Plrecipitate 
hkriam,  if  it  be  presenc,  wiih  salpimnc  add  ^a  1;,  and 
ti^  caleram  with  aznxik»iiim  oxalate  iXou  8^ 

iMUrminatum  of  tJu  alhdwL — Weigh  off  1*0  gr.  of  the 
ndiKTal  and  decomprjie  it  with  gaseous,  or,  fSdSL  better,  with 
liquid,  hjdrr/luonc  odd  f|  ISdji  A  rerj  good  method  is  to 
treat  I'O  gr.  of  the  nuneial  with  40  cjc  water,  7  ex.  concen- 
trated hjdrrxrhloric  acid,  and  about  4  cjc.  hjdroflaoric  add. 
Heat  thia  mixture  ahnoat  to  boiling  in  a  platinnm  dish,  and 
when  the  reaeticn  is  complete  (it  requires  onlr  a  few  minntes), 
add  4  CjC  oonoentiated  snlphnric  acid  and  drire  off  the  hydro- 
ftuf/ric  acid  bjr  evaporation.  The  operation  must  be  very  care- 
folly  performed,  in  the  open  air  if  possible,  as  hydrofluoric  add 
is  very  daogeroos.  Dissolve  the  residual  paste  in  water, 
acidify  with  hydrochloric  add,  predpitate  the  sulphuric  add 
with  a  slight  excess  of  barium  diloride,  and,  without  filtering, 
add  ammonium  carbonate  and  ammonia  (to  throw  down  the 
iron,  aluminium,  barium,  and  caldum).  Xow  filter,  and 
separate  the  alkalies  from  the  magnesium  in  the  filtrate  as  in 
No.  14.  Separate  and  determine  the  alkalies  according  to 
Na  8.  As  was  explained  in  §  117,  the  alkaUes  cannot 
always  be  determined  by  indirect  methods. 

VI 

1 7.  Fyritei  (iron  and  copper  pyrites). — ^Wei^  off  about 
1-0  gr. 

DetenmruUion  of  svlphv/r. — ^Pour  the  finely-divided  mineral 
into  a  porcelain  dish  which  is  covered  by  an  inverted  funnel, 
add  nitric  acid  (np.  gr.  1'37),  heat  on  the  water-bath,  and  add 
potosHium  chlorate  from  time  to  time.^  K  there  is  a  residue 
of  Bilica,  determine  it  by  the  usual  method  Precipitate  the 
solution  with  barium  chloride  and  weigh  the  barium  sulphate, 
as  in  §  134  h.  The  purity  of  the  precipitate  must  also  be 
tested.  Separate  the  iron  and  copper  in  the  filtrate  by  the 
usual  methods  (precipitation  of  the  copper  with  hydrogen  sul- 
phide, §  128  &). 

*  Finely-pulveriaed  pyrites  can  also  be  completely  decomposed  by  fuming 
nitric  acid  in  the  same  way. 
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18.  Gray  Copper  (Cu,  Fe,  Zn,  Bi,  Ag,  Hg),  Sb,  S,  As  (§§ 
124  and  134). — ^Weigh  off  about  2*0  gr.  of  the  finely-pulverised 
mineral,  in  a  bulb -tube  (preferably  one  with  two  bulbs)  of 
difficultly  fusible  glass,  one  end  of  which  is  bent  into  a  right 
angle.  Connect  this  end  with  a  receiver  (a  Wolfs  bottle), 
adjusting  it  in  such  a  manner  that  the  tube  will  almost  reach 
the  water  (or,  in  presence  of  antimony,  the  sulphuric  and 
tartaric  acids)  which  the  receiver  contains.  Connect  the  other 
end  of  the  tube  with  a  chlorine  generator  and  drying 
apparatus,  and  lead  the  gas  over  the  mineral  (all  of  which  must 
be  in  the  bulb  nearest  the  generator).  The  chlorine  at  first 
attacks  the  substance  in  the  cold,  and  the  apparatus  becomes 
heated  of  itself:  as  soon  as  the  action  ceases,  warm  the  bulb 
containing  the  mineral,  at  the  same  time  diminishing  the  flow 
of  chlorine,  and  when  the  section  between  the  two  bulbs  has 
again  become  transparent,  allow  the  apparatus  to  cool  and  then 
break  the  tube  off  at  this  point.  Put  a  glass  cap,  moistened  with 
water,  over  the  end  of  the  portion  which  remains  attached  to  the 
receiver,  and  let  the  apparatus  stand  for  twenty-four  hours,  so 
that  the  sublimed  chlorides  can  take  up  moisture  from  the  air. 
Finally,  moisten  the  contents  of  the  tube  with  hydrochloric 
acid  and  rinse  it  out,  adding  the  wash  water  to  the  solution  in 
the  receiver.  If  the  latter  contains  free  sulphur,  it  must  be 
filtered  through  a  weighed  filter  and  the  sulphur  estimated. 

1.  Analysis  of  the  non-volatile  residue, — ^Let  the  bulb  which 
contains  the  residue  stand  for  some  time  in  dilute  hydrochloric 
acid,  filter,  and  determine  the  precipitated  silver  chloride 
(§  127).  Throw  down  copper  from  the  filtrate  with  hydrogen 
sulphide  (determination;  §  127  c).  Next  remove  the  iron 
by  precipitation  as  its  basic  succinate  (§  122  c),  and,  after 
filtering  it  off,  add  sodium  carbonate  to  the  filtrate  to  throw 
out  the  zinc  (§  123). 

2.  Analysis  of  the  solution  in  the  receiver.  —  Heat  the 
solution  to  60"*  C,  pass  hydrogen  sulphide  through  it,  and 
when  saturated  with  the  gas  place  it  aside  for  about  twelve 
hours.  Collect  the  precipitate  (HgS,  As^Sg,  Sb^S^)  on  a 
weighed  filter,  and  wash  with  hydrogen  sulphide  water. 
Transfer  the  sulphides  as  fully  as  possible  to  a  flask,  and  treat 
them  with  warm  potassium  sulphide  (twice  if  necessary; 
§  130).     Bring  the  insoluble  mercuric  sulphide  on  the  same 
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filter,  and  wash  with  ammonium  sulphide  water.  Complete 
the  washing  with  water  alone,  and  determine  the  weight  of 
the  precipitate  as  in  §  127  6.  Precipitate  the  thio-salts  from 
their  solution  by  hydrochloric  acid,  adding  the  latter  a  few 
drops  at  a  time.  Dissolve  the  sulphides  obtained  in  boiling 
hydrochloric  acid,  assisting  solution  with  potassium  chlorate, 
add  tartaric  acid,  and  precipitate  the  arsenic  acid  as  ammonium 
magnesium  arsenate  (§  129).  Precipitate  the  antimony  as 
its  trisulphide,  as  directed  in  §  129.  The  solution  filtered 
from  the  hydrogen  sulphide  precipitate  contains  iron.  Add 
ammonium  sulphide,  wash  the  precipitate,  transfer  it,  with  the 
filter,  to  a  beaker,  and  dissolve  in  hydrochloric  acid.  Oxidise 
with  potassium  chlorate,  and  precipitate  ferric  hydroxide  with 
ammonia.     Determine  the  iron  as  oxide  (No.  2). 

Determination  of  the  svlphur, — ^Determine  the  sulphur  in  a 
separate  portion,  using  either  the  wet  method  (No.  17)  or 
fusing  the  finely-powdered  mineral  with  3  parts  of  potassium 
nitrate  and  3  parts  of  sodium  carbonate,  in  a  platinum  crucible. 
The  bottom  of  the  crucible  should  be  covered  by  a  layer  of 
sodium  carbonate  before  the  mixture  is  added.  Ignite  very 
gently  at  first,  finally  with  a  powerful  flama  Extract  the 
fusion  product  with  water,  acidify  with  hydrochloric  acid,  and 
precipitate  the  sulphuric  acid  with  barium  chloride.  The 
purity  of  the  barium  sulphate  must  be  tested  (§  134). 
Hempel  recommends  the  oxidation  of  sulphur  by  means  of 
sodium  peroxide,  the  violent  action  of  which  is  reduced  by  the 
addition  of  two  parts  of  sodium  carbonate.  The  operations 
are  similar  to  those  already  described. 

VII 

Determinations  by  Electrolysis. — A  general  idea  of 
these  methods,  the  application  of  which  has  recently  been 
extended  to  the  determination  of  a  large  number  of  metals, 
can  be  gained  from  the  following  brief  examples.  The 
electrolysis  is  effected  either  with  thermo- piles  or  with 
batteries  which  produce  a  constant  current.  Of  the  latter,  the 
Meidinger  or  Bunsen  elements  are  to  be  especially  recommended. 
The  conducting  wires  are  made  of  thin  copper  wire,  and 
fastened  to  the  zinc  or  copper  cylinders  of  the  battery.     All 
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metal  work  on  the  battery  must  be  carefully  shellacked.  The 
strength  of  current  employed  (three  or  four  elements)  varies  in 
different  analyses.  When  necessary,  it  is  measured  by  a  volta- 
meter, or  by  the  quantity  of  copper  precipitated  in  a  given 
time  from  a  solution  of  cupric  sulphate  of  given  concentration. 
Electrolytic  precipitations  are  conducted  in  several  different 
ways.  If  a  platinum  dish  be  employed,  it,  itself,  is  made  to 
form  one  of  the  poles,  while  for  the  other  either  a  cylinder  or 
cone  of  platinum  foil  is  used,  this  being  connected  with  the 
wire  leading  to  the  negative  pole  of  the  battery.  The  positive 
pole  of  the  battery  is  connected  with  the  platinum  dish  by 
means  of  the  copper  or  brass  standard  which  supports  the 
latter.  If  a  beaker  is  used  instead  of  a  platinum  dish,  the 
positive  pole  is  made  of  a  coil  of  platinum  wire  which  rests  on 
the  bottom  of  the  glass :  the  negative  pole  in  this  case  is 
again  a  platinum  cone  or  cylinder  connected  with  the  battery 
by  means  of  a  wire  of  the  same  metal. 

19.  Brass. — ^Dissolve  a  weighed  quantity  in  nitric  acid  in 
a  flask,  transfer  the  solution  to  a  casserole,  and  evaporate  to 
dryness  on  the  water-bath.  Dissolve  the  residue  in  water  and 
dilute  sulphuric  acid,  and  pour  it  into  a  beaker.  The  solution, 
including  the  wash- water,  should  contain  about  1  gr.  of  brass 
to  50  c.c  of  water,  and  the  beaker  should  be  of  a  corresponding 
size.  The  platinum  spiral,  which  is  to  form  the  positive  pole, 
is  then  inserted,  and  the  cone,  which  has  previously  been 
weighed,  is  so  adjusted  that  its  lower  rim  will  be  separated  by 
about  an  eighth  of  an  inch  from  the  spiral,  and  the  upper 
portion  extend  above  the  liquid.  The  apparatus  is  now  ready  for 
the  current.  For  the  precipitation  of  copper,  the  current  should 
be  of  such  a  strength  that  the  voltameter  shows  the  evolution 
of  2-2*5  C.C.  of  gas  in  the  minute.  The  copper  begins  to 
separate  as  soon  as  the  current  is  turned  on,  and  is  completely 
deposited  within  two  or  three  hours.  The  thoroughness  of  the 
precipitation  is  tested  by  sinking  the  cone  further  into  the 
solution ;  if  the  part  which  was  previously  above  the  surface 
receives  no  perceptible  deposit,  the  time  already  allowed  has 
been  sufficient.  The  acid  liquid  must  be  removed  from  the 
beaker  befoi*e  the  current  is  broken,  as  a  small  quantity  of 
copper  would  otherwise  pass  into  solution.  This  is  accom- 
plished by  syphoning  the  liquid  into  a  dish  and  pouring  water 
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into  the  beaker.  The  acid  can  be  considered  removed  when 
gas  bubbles  cease  to  appear  at  the  positive  pole.  The  current 
can  now  be  turned  off,  and  the  platinum  cone,  with  its  deposit 
of  copper,  is  taken  out.  It  is  then  rinsed  with  absolute  alcohol, 
and  dried  in  an  air-bath  at  100°  C,  until  the  weight  remains 
constant.  The  increase  in  weight  gives  the  quantity  of  copper 
contained  in  the  brass.^ 

To  determine  the  zinc,  the  acid  solution  and  wash-water 
are  again  evaporated  to  about  50  c.c.  bulk,  treated  with 
sodium  hydroxide  until  the  zinc  begins  to  separate  out,  and  the 
precipitate  then  dissolved  in  potassium  cyanide.  The  remain- 
ing operations  are  conducted  the  same  as  before.  The  electro- 
lysis is  effected  in  a  beaker,  the  electrodes  adjusted,  and  the 
current  turned  on,  etc.  The  liquid  heats  up  rapidly  during 
the  operation,  however,  and  the  beaker  should  therefore  be 
placed  in  a  porcelain  dish  which  is  filled  with  cold  water.  The 
current  generated  by  four  Bunsen  elements  deposits  about  0*1 
gr.  zinc  in  an  hour.  When  the  separation  of  the  zinc  is 
deemed  complete,  the  cone  is  taken  from  the  liquid,  rinsed 
with  water,  alcohol,  and  finally  with  ether,  and  dried  over 
sulphuric  acid  in  an  exsiccator.  To  determine  whether  the 
deposition  was  complete,  the  cone,  after  being  weighed,  is  freed 
from  zinc  by  hydrochloric  acid,  washed,  dried,  reweighed,  and 
again  inserted  in  the  liquid  and  the  stream  turned  on.  No 
more  zinc  must  be  deposited. 

20.  German  Silver. — Dissolve  the  alloy  in  the  same  manner 
as  brass,  and  determine  the  copper  as  before.  Concentrate  the 
residual  acid  solution,  and  separate  the  zinc  from  nickel  as 
zinc  sulphide  (No.  12  6).  Free  the  solution  from  hydrogen 
sulphide  by  evaporation,  neutralise  with  ammonia,  add  3-4  gr. 
of  ammonium  oxalate,  and  submit  the  solution  to  electrolysis. 
The  nickel  which  deposits  upon  the  cone  is  treated  exactly 
as  above. 

^  To  clean  the  platinum  cone  after  it  has  been  weighed,  dissolve  the  copper  in 
nitric  acid,  and  rinse  the  cone  with  water.  If  the  alloy  contained  lead,  the 
latter  will  be  found  deposited  on  the  positive  pole  in  the  form  of  its  peroxide,  and 
can  be  weighed. 


SECTION  n 

VOLUMETBIO  ANALYSIS 

§  144.  Volumetric  analysis  is  the  second  chief  division  of 
quantitative  analysis.  Determinations  by  its  means  are  effected 
by  measuring  the  volume  of  a  solution  whose  strength  (i.e.,  the 
weight  of  substance  dissolved  in  a  unit  of  volume)  is  known,  and 
which  has  been  used  to  complete  a  definite  chemical  reaction. 
Solutions  of  known  strength  are  said  to  be  standardised.  If  the 
volume  of  the  standardised  solution  used  be  known,  the  weight 
of  substance  required  for  the  reaction  is  also  known,  and  it  is 
then  possible  to  calculate  the  equivalent  quantity  of  the  other 
factor  in  the  reaction — the  element  to  be  determined. 

A  volumetric  method  can  be  based  upon  any  chemical 
reaction  which  complies  with  certain  requisites,  the  nature  of 
which  we  will  explain  later.  The  reactions  employed  differ 
greatly  among  themselves,  but  can  be  classed  together  in  a  few 
simple  groups — ^methods  of  volumetric  analysis. 

1.  Alkalimetry  and  acidimetry. — ^Deteimination  of  bases 
and  acids.  This  method  is  based  upon  the  saturation  of  a 
base  by  an  acid  or  vice  versd. 

Oxidation  and  reduction  methods  serve  for  the  determination 
of  compoimds  which  can  unite  with  oxygen,  and  pass  into  a 
higher  state  of  oxidation  (oxidimetry),  or  vice  versd,  be  reduced 
from  higher  to  lower  degrees  of  oxidation.  This  division 
includes,  beside  oxidimetry,  the  methods  of  chlorimetry  and 
iodometry. 

3.  Precipitation  methods, — These  require  the  formation  of 
an  insoluble  substance  from  two  soluble  ones :  they  include 
the  most  varied  determination& 

The  unit  used  for  measuring  volume  in  volumetric  analysis 
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is  thfr  amc  crrUim^^.r.  The  weigiit  of  ^jiie  cubic  centiioeter  of 
waUrT  ai  4'  C.  e^^xiab  one  gram,  and  1000  cubic  centimeters 
e^|ual  one  /i7<r. 

TTie  first  reqoisite  in  a  reaction  which  can  be  employed  in 
Tolometric  analv-di;,  is  this :  under  the  conditions  under  which 
the  experiment  is  made,  the  reaction  must  be  complete — 1>., 
the  relative  weights  of  the  substances  which  cause  it  must  be 
rlefinite,  and  capable  of  expression  bv  a  formula.  To  illustrate 
this  rule,  let  us  take  an  e3Lample  from  each  of  the  methods : 

In  this  reaction  exactly  98  parts  (grams,  centigrams,  etc)  of 
sulphuric  acid  act  upon  80  ^2  x  40)  parts  of  sodium  hrdroxide; 
and  142  parts  of  sodium  sulphate,  and  36  parts  of  water 
result  Whatever  quantity  of  sulphuric  acid,  a,  was  used, 
indicates  a  quantity  of  sodium  hydroxide,  x,  which  stands  in 
the  same  relation  to  a,  as  98  does  to  80,  t>., 

a-80 

a:x=98:80.  Jf=-^^- 

98 

As  an  example  of  oxidimetry  let  us  take  the  reaction : 

2FeO  +  O  =  FcoOg  ; 

16  parts  of  oxygen  combine  with  144  parts  of  ferrous  oxide, 
to  fonu  ferric  oxide.  The  oxygen  used,  a,  indicates  the 
quantity  of  ferrous  oxide,  x,  according  to  the  equation : 

al44 
a:x=16:144.        g=    _.    . 

lo 

In  precipitation  methods  we  find  the  following  example : 

AgNOj  +  Naa  =  Aga  +  NaNOy 

The  quantity  of  sodium  chloride,  x,  is  found  from  that  of 
the  silver  nitrate,  a,  which  was  necessary  to  complete  the 
reaction : 

a :  68-6 


a:a;=170  :  68-6.  x  = 


170 


We  thus  see  that  it  is  possible  to  find  the  weight  of  an 
unknown  quantity  of  a  substance,  from  the  definite  relation 
which  exists  between  its  molecular  weight  and  that  of  the 
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reagent.  The  second  requisite,  which  is,  in  fact,  as  important 
as  the  first,  is  the  exact  determination  of  the  value  denoted  by 
"  a  "  in  the  above  examples — i.e.,  of  the  quantity  of  the  reagent 
employed  in  the  reaction.  This  determination  is  dependent 
upon  two  conditions :  the  strength  of  the  solution  used  as  the 
reagent,  and  the  clearness  with  which  the  "  final  point "  of  the 
reaction — i.e.,  the  moment  when  it  becomes  complete — is 
indicated. 

Volumetric  analyses  are  carried  out,  as  we  have  already 
remarked,  by  means  of  standard  solutions,  or  solutions  the  unit 
of  volume  of  which  contains  a  known  weight  of  substance.  The 
"  strength  "  of  such  a  solution  is  the  weight  of  substance  which 
is  dissolved  in  one  cubic  centimeter  of  the  solution.  Solutions 
which  contain  per  liter  a  number  of  grams  corresponding  to 
their  molecular  weight,  are  called  Norvud.  A  liter  of  normal 
sulphuric  acid,  for  instance,  contains  98  gr.  of  the  acid.  A 
decinormal  solution  contains  one-tenth  as  much  substance  as  a 
normal  solution — e.g.,  9*8  gr.  sulphuric  acid.  The  system  of 
normal  solutions  is  used  chiefly  with  the  view  of  simplifying 
calculation,  and  becomes  extremely  advantageous  when  many 
determinations  of  the  same  character  are  to  be  made. 

As  we  shall  see  later,  the  standard  solutions  are  prepared 
in  several  different  ways :  the  methods  of  standardisation,  or  of 
determining  their  strength,  also  vary  more  or  less  in  different 
instances.  They  can  be  more  clearly  explained  by  a  few 
illustrations  of  standardisation.  If  the  substance  be  solid  and 
can  be  obtained  in  a  perfectly  pure  state,  the  solution  is  pre- 
pared and  its  strength  determined  simultaneously,  by  weighing 
off  the  substance  and  dissolving  it  in  a  definite  volume  of  water. 
If,  for  instance,  one  gram  of  oxalic  acid  be  dissolved  in  two 
hundred  and  fifty  cubic  centimeters  of  water,  the  strength  of 
the  solution  will  be  ^-^^^  mg.,  or  4  mg. ;  each  cubic  centimeter 
of  water  contains  4  mg.  of  oxalic  acid.  If,  on  the  contrary, 
the  substance  cannot  be  obtcdned  pure,  or  some  ot^ier  cause 
prevents  its  being  weighed  off,  the  solution  is  first  made  to 
approximate  the  concentration  which  we  desire,  and  its  strength 
is  determined  in  a  special  operation.  Sulphuric  acid,  for  example, 
is  never  at  hand  as  the  pure  compound  H^SO^,  since  it  always 
contains  more  or  less  water.  To  determine  the  actual  strength 
of  a  roughly  prepared  solution  of  sulphuric  acid,  we  find  its 

2£ 
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relation  to  a  weighed  quantity  of  sodium  carbonate.  According 
to  the  equation : 

106  gr.  of  sodium  carbonate  correspond  to  98  gr.  of  sulphuric 
acid.  Let  us  assume  that  we  have  weighed  off  1*0  gr.  of 
sodium  carbonate,  and  found  that  it  is  exactly  neutralised  by 
100  C.C.  of  the  sulphuric  acid  solution.     From  the  proportion : 

106  :  98=1  ex. 

we  obtain  the  quantity  of  sulphuric  acid  in   100  cc.  of  the 

solution  : 

98 

X  =  -^^--  =  0-924  gr. 

The  strength  of  the  solution,  i.e,,  the  quantity  of  sulphuric 
acid  in  10  cc,  will  be  0*924-7-100  =  9*24  mgr.  This  is  but 
one  of  many  means  of  determining  the  strength  of  a  solu- 
tion. The  various  methods  differ  widely  in  detail,  but  all  are 
based  upon  similar  principles  and  experiments. 

The  second  requisite  in  volumetric  analysis,  the  determina- 
tion of  the  final  point  of  the  reaction^  is  just  as  important  as  the 
determination  of  the  solution's  strength.  To  be  able  to  apply 
the  relations  between  molecular  weights  to  analysis,  the 
moment  of  the  cessation  of  reaction,  i.e,,  the  moment  when 
the  weights  of  the  substances  in  interaction  are  in  proportion 
to  their  molecular  weights,  must  be  very  sharply  defined.  For 
this  purpose  we  use  either  reagents  which  dissolve  to  coloured 
solutions  (such  as  potassium  permanganate),  when  the  moment 
in  which  the  colour  appears  or  vanislies  defines  the  final  point 
in  the  reaction ;  or  we  employ  indicators.  Indicators  are 
substances  which  have  no  influence  upon  the  chief  reaction,  but 
which  give  with  the  one  or  the  other  of  the  reacting  substances 
a  characteristic  colour.  The  plienomenon  which  tells  us  that 
the  final  point  has  been  reached  is  obviously  in  this  case  also 
the  appearance,  or  disappearance,  of  a  certain  colour.  The 
indicator,  for  example,  used  in  the  analysis  of  iodine  solutions 
is  starch-paste,  which  turns  blue  in  the  presence  of  free  iodine. 
The  theory  of  titration  with  iodine  is  based  upon  the  conversion 
of  the  free  halogen  to  hydriodic  acid,  which  has  no  effect  upon 
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Starch-paste.  If,  therefore,  a  standard  solution  of  iodine  be 
added  to  the  substance  under  analysis,  say  arsenious  acid,  we 
know,  at  the  moment  when  the  previously  colourless  solu- 
tion assumes  a  blue  tint,  that  the  reaction  is  complete  (that  the 
arsenious  acid  is  converted  to  arsenic  acid,  the  free  iodine  to 
hydriodic  acid).  The  final  point  of  a  reaction  is  also  at  times, 
though  much  more  rarely,  determined  by  the  formation  of  a 
precipitate,  or  the  cessation  of  precipitation. 

§  146.  The  Form  and  Use  of  Apparatus  for  Measuring 
Liquids. — ^The  measuring  apparatus  employed  in  volumetric 
analysis  consists  of  flasks,  cylinders,  pipettes,  and  burettes. 
The  first  two  are  distinguished  from  pipettes  and  burettes  in 
holding  a  definite  quantity  of  a  liquid ;  the  latter  two,  on  the 
other  hand,  being  used  to  deliver  a  measured  quantity  of 
liquid.  The  various  vessels  are  graduated  by  means  of  water 
at  17-5°  C.  (see  below). 

Measuring  Flasks  are  of  the  ordinary  shape,  with  the 
exception  that  they  are  provided  with  long  narrow  necks  and 
ground  glass  stoppers.  The  point  to  which  the  flask  must  be 
filled,  in  order  to  hold  its  proper  volume  of  liquid,  is  marked  by 
a  scratch  upon  its  neck.  The  flasks  in  ordinary  use  contain 
1  liter  (1000  cc),  filter  (500  cc),  and  250,  200,  100  c.c. 
To  measure  a  liquid  by  means  of  such  a  flask,  the  vessel  is 
filled  almost  to  the  scratch  on  its  neck,  and  the  quantity  still 
wanting  then  added,  drop  by  drop  (if  necessary,  after  the 
liquid  has  been  warmed  or  cooled  to  the  proper  temperature). 
To  ascertain  when  the  surface  of  the  liquid  is  at  an  exact  level 
with  the  scratch,  the  flask  should  be  raised  until  the  mark  is 
in  a  direct  line  with  the  eye  (so  that  it  appears  straight).  In 
the  measurements  made  in  ordinary  analyses,  a  slight  variation 
from  the  temperature  at  which  the  flask  was  graduated  has 
little  influence  upon  the  results,  as  the  same  error  is  repeated 
in  all  measurements.  The  final  measurement,  however,  must 
be  made  some  time  after  the  liquid  has  been  poured  into  the 
flask,  in  order  to  allow  it  to  flow  down  from  the  sides  of  the 
neck. 

To  determine  (or  test)  the  capacity  of  a  liter -flask,  the 
vessel  is  placed  upon  one  pan  of  a  balance  (which  is  accurate 
for  0*1  gr.)  together  with  a  1000  gr.  weight.  A  similar  flask 
is  then  placed  on  the  other  pan,  and  shot  added  imtil  the 
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balance  is  in  equilibrium.  The  weight  is  now  removed,  and 
water  poured  into  the  flask  in  question  until  equilibrium  is 
restored.  The  temperature  is  then  determined :  if  it  be  nor- 
mal (17*5°  C),  a  mark  encircling  the  neck  is  made  at  the 
level  of  the  water.  Should  the  temperature  be  higher  or 
lower  than  17*5°  C,  however,  both  flask  and  liquid  must  be 
cooled  or  warmed,  as  the  case  may  be,  to  the  proper  tempera- 
ture, before  the  mark  is  made.  Flasks  of  less  capacity  are 
graduated  in  the  same  manner.  To  test  the  capacity  of  a 
flask  already  graduated,  it  is  placed  on  a  balance  together  with 
1000  gr.,  tared,  the  weight  removed,  and  the  flask  filled  to 
the  mark  with  water  at  17*5°  C.  It  is  then  again  placed  on 
the  balance ;  if  it  brings  the  latter  into  equilibrium,  the  gradu- 
ation was  correct.^ 

Tlie  use  of  measuring -flnsks, — Flasks  of  large  capacity 
(1000-500  gr.)  are  employed  in  the  preparation  of  standard 
solutions.  For  this  purpose  a  weighed  quantity  of  the  solid 
or  liquid  is  dissolved  in  1000  c.c.  or  500  c.c.  water.  The 
substance  ia  placed  in  the  flask,  water  is  added  in  a  quantity 
somewhat  less  than  that  called  for  by  the  capacity  of  the 
flask,  the  glass  stopj>er  inserted,  and  the  liquid  vigorously 
shaken.  As  soon  as  solution  has  taken  place,  the  one  or  two 
cubic  centimeters  of  water  still  wanting  are  added,  and  the 
level  brought  up  to  the  mark  according  to  the  directions  above. 
It  is  obvious  that  if  the  temperature  fell  or  rose  during  the 
process  of  solution,  the  final  measurement  must  not  be  made 
until  the  liquid  has  been  brought  back  to  the  normal  tempera- 

^  Mohr's  suggestion  to  proj>are  liter-flasks  in  this  manner  has  now  been  uni- 
versally adopted/  Such  flasks,  nevertheless,  holds  about  2  cubic  centimeters  nioro 
than  tno  true  liter,  which  should  contain  1000  c.c.  water  at  4**  C.  This  difference 
has  no  influence  on  an  analysis,  however,  as  auy  desired  unit  may  be  employed, 
])rovided  that  flasks,  pipettes,  and  other  measuring  vessels  correspond  to  each 
other.  To  prepare  a  correct  liter-flask,  a  certain  weight  must  be  subtracted  from 
1000  gr.  It  varies  with  the  temperature,  and  can  be  seen  (expressed  in  grams) 
in  the  following  table ;  t  is  the  temperature,  x  the  weight  to  be  subtracted. 


10 
1-34 

11 
1-43 

12 
1-52 

13 
1-63 

U 
1-76 

1.^ 
1-89 

IG 
2-04 

17 
2-20 

18 
2-37 

19 
2-55 

re. 

a;(gr.) 

20 
2-74 

21 
2-95 

22 
3-17 

23 
3-39 

24 
3-63 

25 

3-88 

26 
413 

27 
4-39 

28 
4-67 

29 
4-91 

If  the  flask  is  to  be  graduated  with  water  at  17*5'*  C,  the  tnie  liter  can  be 
obtained  by  putting  9977  gr.,  upon  the  balance  pan,  instead  of  1000  gr. 
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ture.  Measuring -flasks  of  500  c.c.  and  100  c.c.  capacity  are 
used  both  in  the  determination  of  a  solution's  strength  and  in 
the  analyses  themselves.  They  are  to  be  handled  in  the 
same  manner  as  those  of  larger  content 

Measuring  cylinders  also  have  a  varying  capacity  (1000  cc, 
500  cc,  etc)  They  differ  from  flasks  in  being  divided  into 
divisions  of  1  cc,  10  cc,  etc,  and  thus  permitting  not  only 
the  maximum  volume,  but  any  fraction  of  it,  to  be  measured  off 
in  one  and  the  same  vessel  They  are  handled  in  the 
same  way  as  flasks;  but  are  most  frequently  employed  in 
diluting  liquids  to  a  definite  volume,  for  instance,  to  dilute  a 
liquid  measuring  380  cc  up  to  400  cc  They  are  very  often 
used  in  the  preparation  of  normal  and  decinormal  solutions 
(which  involves  dilution  with  water)  :  more  rarely  in  operations 
with  solutions  of  arbitrary  concentration,  the  use  of  which  we 
will  consider  later.  To  measure  volume  by  means  of  a  cylinder, 
the  level  of  the  liquid  is  brought  into  a  line  with  the  eye,  and 
its  height  read  off  on  the  scale  which  is  engraved  on  the  vessel. 
The  latter  is  then  turned  around  and  the  level  of  the  liquid 
observed  from  the  other  side.  It  may  be  well  to  remark  that 
cylinders  of  any  great  width  afford  by  no  means  as  much 
accuracy  as  the  measuring-flasks. 

Pipettes,  as  we  have  already  noticed,  are  graduated  in  such 
a  manner  as  to  allow  the  delivery  of  a  definite  volume  of 
liquid.  They  vary  in  capacity,  the  volume  ranging  from  1*0 
c.c  (with  its  subdivisions)  to  100  cc.  Small  pipettes,  holding 
from  one  to  ten  cubic  centimeters,  are  tubes  which  simply 
taper  off  at  each  end.  Those  of  greater  capjtcity  are  also  made 
of  tubing,  but  are  somewhat  widened  in  the  middle,  either  into 
a  bulb,  or  a  tube  of  larger  diameter.  A  mark  on  the  neck  of 
the  pipette  denotes  the  height  to  which  it  should  be  filled  in 
order  to  deliver  the  proper  volume  of  liquid. 

The  pipette  is  employed  to  take  a  definite  volimie  of  liquid 
from  a  vessel.  For  this  purpose  it  is  inserted  into  the  liquid,  and 
the  latter  then  sucked  up  slowly  until  it  passes  the  mark.  The 
suction  must  be  cautiously  applied,  to  prevent  foaming.  The  upper 
end  is  then  quickly  covered  by  the  finger,  and  the  pipette  raised 
out  of  the  vessel.  Pipettes,  the  upper  ends  of  which  are  slightly 
narrowed,  can  be  much  more  securely  closed  by  the  finger  than 
those  of  the  other  form.     The  mark  is  next  brought  to  a  level 


422  ANALYTICAL  CHEMISTRY  vol.  anal. 

with  the  eye,  and  the  liquid  allowed  to  flow  out  drop  by  drop, 
until  it  stands  exactly  at  the  mark.  The  correct  volume  having 
been  secured,  the  finger  is  pressed  down  again,  and  the  mouth 
of  the  pipette  inserted  in  the  glass  or  flask  into  which  the 
liquid  is  to  be  delivered.  In  emptying  a  pipette,  one  general 
and  universal  method  must  be  adopted.  If  the  vessel  already 
contains  a  liquid,  the  end  of  the  pipette  should  pass  below  its 
surface :  if  the  vessel  is  empty,  the  end  should  be  dipped  in 
the  first  few  drops  which  flow  out.  The  pipette  is  held  quietly 
in  the  same  position  until  empty,  and  then  carefully  re- 
moved. "We  emphasise  again  that  this  rule  must  be  obser\'ed: 
the  liquid  must  neither  be  allowed  to  flow  from  the  pipette 
while  the  end  of  the  latter  is  suspended  in  the  air,  nor  forced 
out  by  blowing  into  the  other  end. 

§  146.  Burettes  are  employed  to  measure  an  arbitrary 
volume  of  liquid.  Their  form  varies,  but,  as  a  general  thing, 
only  two  varieties  are  employed.  In  the  first  of  these,  the 
outlet  is  a  separate  piece  of  glass  which  is  attached  by  rubber 
tubing  to  the  burette  itself.  This  instrument  is  used  in 
titrating  with  liquids  which  have  no  action  on  rubber.  The 
second  variety  is  resorted  to  only  when  liquids  which  attack 
rubber  are  being  employed ;  they  are  described  in  the  Examples 
(titration  with  potassium  permanganate),  and  only  the  first 
and  more  common  form  will  be  here  explained. 

This  burette  is  a  cylindrical  glass  tube,  of  varying  diameter, 
upon  which  is  engraved  a  scale  (with  the  zero  at  the  top), 
showing  the  successive  cubic  centimeters  and  their  subdivi- 
sions (^,  3^,  J,  C.C.,  etc.)  The  burette  terminates  at  its  lower 
extremity  in  a  narrow  glass  tube,  which  is  connected,  by  a 
good  piece  of  rubber  tubing,  to  a  short  glass  tube  tapering  off 
to  a  point  at  its  lower  end.  The  intervening  portion  of  the 
rubber  tubing  is  surrounded  by  a  brass  clip,  which  closes  the 
burette,  and  controls  the  outflow  of  the  liquid.  The  instru- 
ment is  supported  in  a  vertical  position  by  a  standard  (which 
usually  holds  two  or  even  more  burettes),  or  some  other  means. 

There  are  various  forms  of  clips,  but  that  suggested  by  Mohr  is  with- 
out doubt  the  simplest^  as  it  can  be  opened  simply  by  pressure  with  the 
thumb  and  forefinger  upon  two  copper  buttons.  Some  force  is  required 
in  overcoming  the  elasticity  of  the  brass  wire ;  but  if  the  operator  is 
familiar  with  his  clip,  he  can  judge  of  the  rapidity  of  the  outflow  merely 
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from  the  pressure  which  he  exerts,  without  keeping  his  eye  on  the  clip 
(this  becomes  of  great  advantage  when  the  attention  must  be  fixed  on  the 
scale  and  not  on  the  escaping  liquid).  The  outlet  of  the  tip  should  be  of 
such  size  as  to  allow  a  flow  of  about  20-25  drops  to  the  cubic  centimeter. 
The  tubing  should  of  course  be  tested  occasionally,  and  replaced  by  a  new 
piece  as  soon  as  it  begins  to  leak. 

Filling  the  burette, — To  fill  an  empty  burette,  the  lower 
extremity  is  dipped  into  the  solution,  the  clip  opened,  and  the 
liquid  drawn  up  by  gentle  suction  until  it  has  passed  beyond 
the  rubber  tubing.  The  clip  is  then  closed,  a  small  funnel, 
the  stem  of  which  has  been  cut  off  obliquely,  is  inserted  in  the 
upper  end  of  the  burette,  and  the  latter  filled  to  a  point  above 
the  zero  of  the  scale.  The  clip  is  now  pressed  slightly  open, 
and  the  solution  allowed  to  flow  slowly  out  until  its  level  is 
exactly  at  the  zero-point  (the  manner  in  which  its  height  is 
read  off  will  be  described  later).  If  the  burette  already  con- 
tains some  of  the  liquid,  and  merely  requires  filling,  the  funnel 
alone  is  needed.^ 

It  quite  frequently  happens  that  the  burette  must  be 
repeatedly  filled,  for  which  purpose  the  following  apparatus  is 
very  convenient.  The  standard  solution  is  kept  in  a  reservoir, 
resting  on  a  suflBciently  high  support,  and  consisting  of  a 
bottle  with  a  fairly  wide  neck,  in  which  a  trebly  perforated 
cork  is  inserted.  Through  one  of  the  perforations  passes  a 
tube  which  reaches  to  the  bottom  of  the  bottle,  and  is  bent 
into  the  form  of  a  syphon ;  this  serves  as  a  passage  for  the 
liquid,  from  the  bottle  to  the  burette.  The  second  perforation 
contains  a  small  tube  bent  at  right  angles,  and  employed  to 
allow  the  air  displaced  in  filling  the  burettes  to  pass  into  the 
bottle.  In  the  third  hole  is  inserted  a  bulb-tube,  which  con- 
nects the  contents  of  the  bottle  with  the  outer  air.  The 
burette  itself  is  modified  as  follows.  The  rubber  tubing  at 
its  lower  extremity  connects  it  with  a  glass  tube,  from  the 
middle  of  which,  and  at  right  angles  to  it,  projects  an  arm. 
The  latter  is  connected  by  rubber  tubing  to  the  syphon  of  the 
reservoir  (this  tubing  is  closed  by  a  clip  during  the  titration). 
The  lower  end  of  the  straight  section  is  connected  with  the 
burette  tip,  and  the  latter  provided  with  a  stop-cock  as  usual 

^  To  avoid  waiting  untU  burettes  and  pi^ttes  have  dried  after  being  washed, 
it  is  convenient  to  rinse  them  a  few  times  with  the  solution  to  be  used ;  they  can 
tiien  be  filled  without  delay. 
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The  upper  end  of  the  burette  is  closed  by  a  cork  holding  a 
tube  which  is  connected  with  the  second  tube  of  the  resen'oir. 
It  is  convenient  to  have  the  resen'oir  and  burette  supported 
by  the  same  standard  To  fill  the  burette  by  means  of  this 
apparatus,  the  clip  closing  the  syphon  is  simply  opened,  and 
the  solution  flows  into  the  burette.  As  soon  as  it  has  passed 
beyond  the  zero-point,  the  clasp  is  again  closed,  and  the  level 
of  the  solution  brought  to  the  zero-point  in  the  usual  manner. 
In  setting  up  this  apparatus,  it  is  ad\asable  to  use  as  little 
rubber  tubing  as  possible. 

Beading  off  the  Burette. — A  correct  reading  can  be 
made  only  when  the  following  conditions  are  observed. 

1.  A  sufi&cient  interval  must  be  allowed  between  the 
escape  of  the  solution  and  the  reading,  to  permit  the  level  to 
become  constant. 

2.  The  eye  must  be  in  line  with  the  surface  of  the  liquid. 

3.  One  and  the  same  portion  of  the  meniscus  of  the 
liquid  must  be  used  in  all  readings. 

The  last  rule  requires  explanation.  It  is  well  known  that 
the  surface  of  water  or  aqueous  solutions  contained  in  tubes 
is  not  horizontal,  but  convex.  If  the  convex  meniscus  of  a 
liquid  in  a  burette  be  viewed  against  a  bright  background,  it 
will  be  seen  to  contain  a  dark,  more  or  less  curved  arc,  and 
above  the  arc,  a  bright  segment  which  is  lx)und  by  a  horizontal 
lina  This  dark  arc  is  employed  in  reading  off  the  burette, 
either  its  under  or  upper  surface  being  brought  against  the 
scale.  To  secure  a  bright  background,  Mohr  suggests  the  use 
of  a  square  slip  of  white  paper,  over  the  lower  half  of  which 
is  pasted  a  black  piece.  When  such  a  paper  is  attached  to 
the  burette,  or  held  behind  it  in  the  hand,  in  such  a  manner 
that  the  dividing  line  between  the  two  colours  will  be  two  or 
three  millimeters  below  the  level  of  the  solution,  a  portion  of 
the  meniscus  appears  as  a  sharp  black  segment  (due  to  reflec- 
tion); a  very  exact  reading  can  be  made  from  either  the 
upper  or  lower  surface  of  this  segment.  Lastly,  the  height  of 
the  solution  can  be  accurately  read  off  by  means  of  a  so-called 
Erdmann's  float;  the  comparison  is  here  made,  not  between 
the  level  of  the  liquid  and  the  scale,  but  of  the  latter  with  a 
mark  engraved  upon  the  float. 

Testing   the  Apparatus. — An   explanation   has   already 
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been  given  (§  1 4  5)  of  the  manner  of  preparing  a  liter-flask  The 
same  operation  is  perfonned  in  testing  vessels  which  are  already 
graduated.  To  test  the  accuracy  of  a  pipette  or  burette,  a  small 
flask  (to  receive  the  water  from  the  burette  or  pipette)  is 
placed  upon  a  balance-pan,  together  with  the  appropriate 
weight  (for  10  cc.  water  at  17*5*"  C,  10  gr.),  and  the  balance 
is  brought  into  equilibrium  by  a  similar  flask  and  some  shot. 
The  weight  is  then  removed,  and  the  requisite  amount  of 
water  allowed  to  flow  into  the  flask  from  the  instrument  to 
be  tested.  The  entire  scale  of  a  burette  can  be  tested,  or 
"calibrated,"  in  this  manner;  ten  cubic  centimeters  being 
allowed  to  escape  at  a  time.  To  be  available,  a  burette  or 
pipette  must  not  possess  an  error  of  more  than  0*002  gr.  in 
any  ten  cubic  centimeters  of  its  contents.  Small  errors  which 
apply  to  all  the  pieces  of  apparatus  are  without  influence 
upon  the  results.  Volumetric  analysis  does  not  depend  upon 
the  cubic  centimeter  as  the  unit  of  volume:  the  latter  can 
be  chosen  at  will,  without  causing  inaccuracy  in  the  analysis, 
provided  that  all  the  apparatus  corresponds  to  the  same.  The 
measuring  instruments  need  therefore  merely  be  ascertained  to 
agree  with  one  another — ^flasks  with  the  burettes,  pipettes 
with  the  cylinders.  Assimie,  for  the  purpose  of  illustration, 
that  a  liter-flask  to  be  used  holds  only  998  grams  of  water, 
and  the  pipette  of  50  c.c.  has  an  actual  capacity  of  only 
49*9  c.c.     The  relation  between  the  two  is  correct,  because 

1000:50  =  998:49-9. 

Standard  Solutions. — A  thorough  understanding  of  opera- 
tions involved  in  volumetric  analysis  requires  some  pre- 
liminary explanation  of  the  solutions  which  are  used.  When 
the  same  solution  is  to  be  employed  in  several  consecutive 
analyses,  the  calculation  of  the  results  is  much  simplified  if  its 
concentration  stands  in  a  simple  ratio  to  the  number  of  grams 
corresponding  to  the  molecular  weight  of  the  substance  dis- 
solved. Normal  solutions  are  those  which  contain  in  each 
liter  the  same  number  of  grams  as  there  are  units  in  the 
molecular  weight  of  the  substance;  for  instance,  98  gr.  sul- 
phuric acid,  126  gr.  oxalic  acid  (C^H^O^ -f  2H2O),  40  gr. 
sodium  hydroxide,  etc.  Decinormal  solutions  contain  one- 
tenth  as  many  grams   as   the  normal.     The   preparation  of 
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ly^rrr^I   *rjl':zLy^*.  LoTr^vrr,  i**:ifKS  a  grea:  -ial  o€  tizr^,  and 

«L^T«i)   hare   thi^r^^f'Tre  bc»i:n  arb-irririlT  cfcf-j&ra:    ibood^  in 

mzf:h    ft    iLArin»^T    :Li5    tfcr:    -ieTiicion  in  iLrir  strtngih  will 

ha'i-^  LTr  Li:f!-iK;Q«:  ~jio?i  iL^  ei^iCitcggg  of  the  nesidtfi.     Soln- 

tiTiaa   'rf  arbitrary  co!j%iirradon  can  le  xn^i^  nonzsal  in  the 

foIIowiriCf  war.     Aa^unife   that   a  decinorzzud  sc*Ini:'>Q  of  sal- 

jJiuHc  ^rid,  one,  therefore,  wtich  conuczis   9'S  gr.  H^D^  in 

1 000  c/x,  13  to  be  zxiade  up,  and  thac  the  arbitrarj  solacioa 

aiifrssulr  prepared  contazna  10  gr.  in   1000  ex.     To  make  the 

latter  decinonnal,  it  must  be  dilated  with  water,  according  to 

the  prop>rtion  : 

&*:1000=10:x 
x=  1020-3 

That  w,  20*3  ex.  water  most  be  added  to  each  liter  of  the 
isolation.  It  is  obvious  that  the  strength  of  the  modified 
solution  should  also  be  determined  by  experiment. 

Calcillatioil  of  Results. — If  the  chemical  equation,  accord- 
ing to  which  the  analysis  is  made,  and  the  weight  of  substance 
^volume  of  solution)  necessary  for  the  reaction  are  known,  the 
er^uivalent  of  this  weight,  or  the  weight  of  the  substance  to 
be  determined,  is  found  by  a  simple  proportion,  under  the  con- 
ditions explained  in  §  139.  The  method  of  calculation  is 
explained  under  each  class  of  examples.  The  substance  to  be 
analysed  must  of  course  be  previously  weighed. 


ALKALIMETRY  AND  ACIDIMETKY 

§  147.  Alkalimetry. — For  the  volumetric  determination 
of  the  alkalies,  we  use  reactions  in  which  neutral  salts  are 
(<nifu*A  by  the  saturation  of  the  hydroxides  or  carbonates  with 
acids,  as  in  the  er|uations : 

2K0H  +  HgSO^  =  KjjSO^  +  SHgO, 

The  determinations  are  made  with  a  standard  solution  of 
sulphuric  acicL  The  various  operations  described  below  follow 
the  order  in  which  they  are  performed  in  analysis. 
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1.  Preparation  of  the  sulphtiric  acid  solution,  —  It  is 
advantageous  to  make  the  analyses  with  an  approximately 
decinormal  solution  of  sulphuric  acid.  About  10  gr.  of  the 
English  acid  are  weighed  off,  diluted,  in  a  liter-flask,  and  the 
solution  made  up  to  1000  c.c.  (for  the  operation  see  §  145). 
Before  describing  the  determination  of  the  solution's  strength 
(by  means  of  a  weighed  quantity  of  sodium  carbonate),  the 
conditions  which  influence  the  accuracy  of  alkalimetric  analyses 
must  be  explained. 

The  final  point  in  the  reaction  between  sulphuric  acid  and 
sodium  carbonate  is  found  by  means  of  litmus  tincture.  If 
sulphuric  acid  be  allowed  to  run  into  an  alkaline  solution 
which  has  been  coloured  blue  by  litmus,  the  colour  remains 
unchanged  until  the  exact  quantity  of  acid  necessary  to  form  a 
neutral  salt  has  been  added;  the  slightest  excess  over  this 
amount  of  acid  changes  the  blue  solution  to  red.  The  point 
at  which  this  change  occurs  is  the  final  point  of  the  reaction. 
In  the  titration  of  sodium  carbonate  the  liberation  of  carbonic 
acid  prevents  the  change  of  colour  occurring  instantly,  and  the 
point  of  neutralisation  is  found,  in  this  case,  by  supersaturating 
with  the  acid,  and  determining  the  excess  added.  This 
method  requires  an  additional  solution  of  sodium  hydroxide, 
the  volumetric  relation  of  which  to  the  standard  sulphuric  acid 
must  be  known. 

2.  Preparation  of  the  sodium  hydroxide  solution, — 9  gr.  of 
sodium  oxide  are  dissolved  in  water,  and  the  solution  boiled 
with  lime-milk,  in  an  iron  dish,  until  all  the  carbonic  acid  has 
been  removed.  To  ascertain  whether  this  has  been  effected,  a 
sample  of  the  perfectly  clear  alkaline  solution  is  treated  with 
lime-water,  and  diluted  if  necessary;  if  it  becomes  turbid 
carbonic  acid  is  still  present.  As  soon  as  it  has  been  freed 
from  the  last  traces  and  grown  cold,  the  solution  is  poured 
into  a  flask  and  diluted  with  water  (to  make  its  strength 
approximate  that  of  the  sulphuric  acid,  the  final  volume  should 
be  about  one  liter).  The  flask  is  then  closed  by  a  cork 
through  which  passes  a  tube  filled  with  sodium  oxide,  to 
prevent  absorption  of  carbonic  acid  from  the  air,  and  is  allowed 
to  stand  until  the  solution  has  become  perfectly  clear.  The 
latter  is  finally  syphoned  oflF  into  the  reservoir  or  vessel  in 
wliich  it  is  to  be  preserved.     The  vessel  and,  while  in  use, 
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alkali  used  is  then  read  off  on  the  burette.  The  first  neutra- 
lisation is  usually  not  made  exact,  but  simply  performed  in 
order  to  learn  the  approximate  relation,  and  the  absolute 
relation  ascertained  in  a  second  test.  The  beaker  is  rinsed 
out,  another  10  c.c.  of  sulphuric  acid  run  into  it,  and  the 
operation  repeated  in  the  same  manner.  For  the  sake  of 
convenience  in  reading  off  the  results,  the  level  of  the  sodium 
hydroxide  solution  shoidd  be  lowered  to  the  next  cubic  centi- 
meter mark  on  the  scale,  and  its  height  noted.  As  the 
approxunate  volume  necessary  is  already  known,  this  amount 
is  added  at  once,  and  the  rest  run  in  drop  by  drop,  with  con- 
stant stirring,  until  the  change  from  red  to  blue  in  the  solution 
is  caused  by  a  single  additional  drop.  The  results  are  checked 
by  the  addition  of  another  10  c.c.  sulphuric  acid  to  the  con- 
tents of  the  beaker,  and  repetition  of  the  operation.  If  the 
quantities  used  in  the  two  experiments  are  in  approximate 
agreement  (the  difference  must  not  be  more  than  -j^,  or  at 
highest,  ^(^  c.c),  their  average  is  taken  as  the  correct  result 
(attention  nmst  be  paid  to  the  precautions  necessary  in  reading 
ofi*  the  volume;  §  146).  The  relation  between  the  two 
solutions  is  now  ascertained.  It  is  well  to  have  it  a  simple 
one,  as  1:1  or  1 :  1*5,  if  possible.  If  the  ratio  be  more  com- 
plicated, a  factor  is  calculated,  by  multiplying  with  which  the 
number  of  cubic  centimeters  of  alkali  used  can  be  expressed  in 
cubic  centimeters  of  the  acid.  We  can  now  proceed  with  the 
standardisation  of  the  acid. 

5.  Ddermhiation  of  tlie  strength  of  the  sulphuric  acid  (and 
simultaneously  that  of  the  sodium  hydroxide). — For  this  pur- 
pose a  separate  experiment  is  necessary ;  the  strength  of  the 
acid  being  determined  by  means  of  a  weighed  quantity  of 
sodium  carbonate.  A  (|uantity  of  sodium  bicarbonate  is 
washed  with  cold  water,  dried,  and  converted  to  the  carbonate 
by  gentle  ignition  in  a  platinum  crucible.  It  is  then  permitted 
to  cool  in  an  exsiccator,  placed  in  a  weighing  tube  (§  139), 
and  about  0*7  gr.  exactly  weighed  off  and  dissolved  in  a  flask 
(of  a]x)ut  200  C.C.  capacity)  in  200  c.c.  of  water  at  IT'S*"  C. 
(§  145).  The  salt  must  be  transferred  directly  from  the 
weighing  glass  to  the  flask,  and  the  former  then  closed  and 
weighed  back,  the  difference  between  the  two  results  equal- 
ing the  sodium  carbonate  taken.     When  the  salt  has  passed 
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into  solution,  and  the  contents  of  the  flask  been  well  mixed, 
50  CO.  (i^,,  one-fourth  of  the  sodium  carbonate)  are  transferred, 
in  a  pipette,  to  a  sufficiently  capacious  flask  (§  145),  and 
about  the  same  amount  of  litmus  tincture  added  as  was 
employed  in  the  previous  tests.  The  level  of  the  sulphuric 
acid  in  the  burette  is  then  adjusted,  the  figures  taken  down, 
and  the  acid  slowly  added  to  the  alkali  until  the  blue  solution 
has  become  violet.  The  flask  is  next  heated  until  the  liquid 
begins  to  boU,  whereupon  the  carbon  dioxide  escapes  and  the 
blue  colour  reappears.  Acid  is  again  added  until  the  solution 
becomes  red,  and  the  latter  again  boiled :  this  is  repeated  until 
the  red  colour  has  become  permanent,  whereupon  the  level  of 
the  acid  in  the  burette  is  read  off,  and  the  solution  retitrated 
with  sodium  hydroxide  until  a  drop  of  the  latter  restores  the 
blue  colour.  The  volume  of  sodium  hydroxide  used  is 
calculated  to  cubic  centimeters  of  sulphuric  acid,  and  sub- 
tracted from  that  of  the  latter.  The  determination  is  repeated 
twice  or  three  times  (in  the  same  flask),  50  cc.  of  the  solution 
being  taken  each  time,  and  the  average  of  the  three,  or  of  the 
last  two,  results  taken,  if  they  agree  closely  (again  within  ^  - 
^  cc)  This  average  is  then  multiplied  by  4  (to  obtain  the 
number  of  cubic  centimeters  corresponding  to  the  whole  of  the 
sodium  carbonate),  and  the  strength  of  the  sulphuric  acid 
deduced  from  the  proportion, 

106:98  =  a:ar; 

106  is  the  molecular  weight  of  sodium  carbonate,  98  that  of 
sulphuric  acid,  a  the  quantity  of  sodium  carbonate  neutralised, 
and  X  the  quantity  of  sulphuric  acid  employed  in  neutralising 
it  The  strength  of  the  acid  is  found  by  dividing  the  weight 
of  that  which  was  used,  by  the  number  of  cubic  centimeters 
run  out. 

As  the  relation  between  the  sulphuric  acid  and  the  sodium 
hydroxide  is  known,  the  strength  of  the  latter  can  be  calculated 
from  the  results  of  the  one  experiment.  Assuming  that  the 
relation  is  1  : 1  (if  this  is  not  true,  a  slight  additional  calcula- 
tion is  involved),  and  that  the  strength  of  the  sulphuric  acid 
has  already  been  determined  to  be  a,  the  strength  of  the 
alkali  is  deduced  from  the  proportion : 

d8:S0  =  a:x, 
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Remark. — Mohr  determines  the  strength  of  sulphuric  acid  by  meanB 
of  crystallised  oxalic  acid,  CgHgO^  +  2H2O.  About  12-6  gr.  of  the  latter 
are  weighed  off  and  dissolved  in  one  liter  of  water,  and  the  strength  of 
the  solution  found  by  dividing  the  number  of  grams  taken  by  the  number 
of  centimeters  in  which  they  were  dissolved.  With  this  solution  the 
sodium  hydroxide  is  standardised ;  the  latter  can  then  be  employed  to 
determine  the  strength  of  sulphuric,  nitric,  or  any  other  acid  required. 
Oxalic  acid  often  contains  the  acid  potassium  oxalate,  and  must  be  freed 
from  this  impurity  by  repeated  crystallisation,  each  yield  of  crystals 
being  only  partially  dissolved,  and  the  solution  thus  obtained  again 
evaporated.  The  purity  of  the  oxalic  acid  must  in  every  case  be  tested 
by  the  combustion  of  2-3  gr.  in  a  platinum  crucible,  the  acid  being  rejected 
if  a  residue  is  left.  Solutions  of  oxalic  acid  are  partially  decomposed  by 
light  The  standard  sodium  hydroxide  can  also  be  prepared  by  weighing 
off  a  piece  of  clean,  lustrous  metallic  sodium  (in  two  test-tubes,  one  of 
which  passes  over  the  other),  and  dissolving  it  in  a  small  quantity  of 
alcohol  The  alcoholic  solution  is  then  diluted  to  the  mark  with  water. 
The  strength  is  found  by  calculation. 


§  148.  Examples  of  Alkalimetric  Determinations. — ^Al- 

kalimetric  determinations  are  made  with  standard  solutions  of 
sulphuric  acid  and  sodium  hydroxide,  the  latter  being  used  for 
retitrating  the  excess  of  acid.  The  analysis  is  made  in  the 
same  way  as  the  solutions  are  standardised.  The  material  for 
analysis  is  weighed  ofif  (whether  fluid  or  solid),  dissolved  in 
200  C.C.  of  water,  filtered  if  necessary,  and  three  portions,  of 
50  C.C.  each,  titrated  (either  with  the  acid  or  alkaline  solution). 
The  average  of  the  two  last  determinations  is  multiplied  by  4, 
which  gives  the  number  of  cubic  centimeters  of  the  standard 
solution  necessary  to  neutralise  the  whole  substance.  This 
value  is  multiplied  by  the  strength  of  the  acid,  the  result 
being  the  weight  of  the  acid  or  alkali  used.  The  weight  of 
alkali  (or  acid)  in  the  substance  analysed  is  found  by  the 
substitution  of  this  number  in  the  proportion  given  above, 
and  the  weight  foimd  is  calculated  to  percentage  as  in  gravi- 
metric analysis  (§  114;  analyses  of  compounds  of  known 
composition  should  be  checked  by  calculation).  A  brief 
explanation  of  a  few  frequently  occurring  determinations 
follows. 

1.  Alkalies  are  determined  in  the  manner  described.  The 
cold  solution  is  titrated  with  sulphuric  acid  until  the  litmus 
has  a  very  faint  red  tint. 

2.  Carbonates  of  the  alkali  metals  (pearl  ash,  soda). — The 
titration  is  made  with  the  boiling  solution,  an  excess  of  acid 
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run    in,    and    the    residual    quantity    titrated    with    sodium 
hydroxide. 

3.  The  determination  of  carbonates  in  presence  of  alkaline 
hydroxides  necessitates  two  experiments.  1.  The  sum  of  the 
hydroxides  and  carbonates  is  determined  by  titrating  the 
boiling  solution.  2.  The  alkalies  are  titrated  alone,  with 
phenolphtalein,  which  is  not  altered  by  carbonates,  as  the 
indicator  (for  its  preparation,  see  Acidimetry).  The  final  point 
is  determined  by  the  disappearance  of  the  violet-red  colour. 
This  method  can  be  employed  only  in  presence  of  small  quan- 
tities of  carbonates.  If  more  be  present,  the  solution  must  be 
precipitated  with  barium  chloride,  filtered,  and  the  filtrate 
and  wash-water  collected  in  a  250  c.c.  flask.  An  aliquot 
portion  of  this  solution  is  then  titrated  as  usual.  The  car- 
bonates are  found  from  the  difference  between  the  results  of 
the  two  determinations. 

4.  Ammonia, — The  titration  must  be  performed  in  the 
cold,  and  with  litmus  tincture  as  the  indicator.  Ammonium 
carbonate  is  determined  in  the  same  way. 

5.  Ammonium,  salts, — A  weighed  quantity  is  dissolved  in 
water,  and  a  known  volume  of  standard  sodium  hydroxide 
added.  The  latter  must  exceed  the  ammonia  present.  The 
solution  is  then  boiled  until  the  ammonia  has  been  entirely 
driven  out,  and  the  excess  of  sodium  hydroxide  determined. 
The  quantity  lost  corresponds  to  the  ammonium  salt. 

Ammonium  salts  which  dissolve  in  alcohol  can  be  very 
easily  titrated  in  alcoholic  solution  by  a  standard  solution  of 
sodium  hydroxide,  in  the  same  medium,  in  presence  of 
phenolphtalein ;  the  alkali  is  added  until  the  violet-red  colour 
appears.  The  method  depends  upon  the  fact  that  in  alcoholic 
solution  sodium  hydroxide  displaces  ammonia  in  ammonium 
salts  in  equivalent  quantities  at  the  ordinary  temperature,  and 
that  in  this  case  phenolphtalein  forms  no  compound  with 
ammonia. 

6.  Alkalies  in  presence  of  ammxmia  can,  as  is  obvious  from 
the  above,  be  determined  by  direct  titration  with  standard 
sulphuric  acid  and  phenolphtalein  in  alcoholic  solution.  The 
acid  is  added  until  the  violet -red  colour  has  disappeared 
(Menschutkin,  Ber.  d,  deutschen  chemischen  Gesellschaft,  1882). 

The  hydroxides  of  barium,  strontium,  and  calcium  can  be 
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determined  in  the  same  way  as  the  alkalies.  A  standard 
solution  of  hydrochloric  or  nitric  acid  is  employed,  the  strength 
of  which  has  been  determined  by  titration  with  standard 
sodium  hydroxide.     Phenolphtalein  is  the  best  indicator. 

Further  applications  of  alkalimetric  determinations  can  be 
only  mentioned.  Many  metallic  salts  (those  for  instance  of 
Mg,  Cu,  Ag,  Fe,  Hg)  can  be  analysed  by  the  addition  of 
standard  sodium  hydroxide  in  excess  and  titration  of  the 
superfluous  quantity  of  the  latter.  The  difference  between  the 
alkali  added  and  found  is  equivalent  to  the  quantity  of  the 
metallic  salt.  For  the  analysis  of  the  neutral  salts  of  the 
metals  Ba,  Sr,  Au,  Al,  Zn,  Bi,  Ni,  Co,  Pb,  ete.,  a  standard 
solution  of  sodium  carbonate  is  employed.  The  decinormal 
solution  is  prepared  by  dissolving  a  weighed  quantity  of 
anhydrous  sodium  carbonate  in  the  necessary  volume  of  water. 

§  149.  Acidimetry. — The  reagent  used  is  a  standard  solu- 
tion of  sodium  hydroxide;  all  acids,  the  neutral  salts  of  which 
show  a  neutral  reaction  and  have  no  effect  upon  the  indicator, 
can  be  volumetrically  estimated  by  its  means.  A  great 
number  of  indicators  have  been  proposed  during  the  last  few 
years,  but  space  will  permit  the  mention  of  merely  a  few  in 
the  examples  of  acidimetry  which  follow. 

Examples  of  Analysis  by  Acidimetry. — The  substance 
containing  the  acid  to  be  determined  is  weighed  off  and  dis- 
solved in  200'c.c.  water,  and  three  portions  of  this  solution, 
each  containing  50  c.c,  are  then  titrated  with  sodium  hydroxide. 
The  quantity  of  the  latter  used  is  equivalent  to  that  of  the 
acid  present. 

1.  Strong  acids,  the  neutral  salts  of  which  yield  perfectly 
neutral  solutions,  Ciin  be  estimated,  as  we  have  said,  with 
sodium  hydroxide,  with  phenolphtalein  as  the  indicator.  The 
final  point  is  indicated  by  the  appearance  of  a  \'iolet-red  colour. 

For  use  as  an  indicator,  the  phenolphtalein  of  commerce 
must  be  dissolved  in  sodium  hydroxide,  precipitated  by  acetic 
acid,  thoroughly  washed  with  water,  and  dissolved  in  alcohol. 
Of  this  alcoholic  solution,  two  or  more  drops,  depending  upon 
its  concentration,  are  used  in  each  estimation.  It  must  be 
remembered,  in  using  this  indicator,  that  the  alkali  compounds 
of  phenolphtalein  are  decomposed  by  carbonic  acid,  and  that 
traces  of  colour  may  in  consequence  be  destroyed.     Accurate 

2f 
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analyses  should  be  made  with  water  from  which  the  carbonic 
acid  has  been  expelled  by  boiling.  When  this  precaution  has 
been  taken,  the  delicacy  of  the  indicator  is  very  great. 

Hydrochloric,  nitric,  sulphuric,  oxalic,  tartaric,  citric,  and 
formic  acid  can  be  determined  by  the  above  method. 

2.  Organic  acids  are,  as  a  rule,  to  be  determined  by  titration 
with  baryta- water,  since,  when  soluble  in  water,  their  barium 
salts  are  neutral,  their  alkali  salts,  on  the  contrary,  alkaline. 
Organic  acids  in  alcoholic  solution  can  be  very  exactly  titrated 
with  standard  alcoholic  sodium  hydroxida 

To  prepare  the  standard  baryta  solution,  crystallised 
barium  hydroxide  is  dissolved,  in  a  closed  flask,  in  enough 
water  to  make  the  solution  approximately  decinormal.  After 
some  days,  when  the  precipitate  of  barium  carbonate  has 
completely  subsided  and  the  supernatant  liquid  become  clear, 
the  latter  is  syphoned  off  into  the  bottle  in  which  it  is  to  be 
preserved.  The  air  in  the  bottle  must  previously  be  freed 
from  carbonic  acid  by  passage  through  a  soda-lime  tube,  and 
after  being  filled  with  the  solution,  the  bottle  must  be  closed 
by  a  cork  in  which  is  inserted  another  tube  of  the  same 
description.  The  strength  of  the  baryta  water  is  found  by 
the  addition  of  a  few  drops  of  sulphuric  acid  to  about  20  c.c 
of  the  solution  in  a  platinum  crucible,  and  evaporation  to 
dryness  in  a  muflle  (heated  by  a  Bunsen-flame).  Tlie  residual 
barium  sulphate  is  finally  ignited  and  weighed.  The  best  indi- 
cator with  which  to  determine  organic  acids  is  phenolphtalein ; 
its  use  must  be  subject  to  the  precaution  necessitated  by  its 
behaviour  toward  carbonic  acid  (see  above). 

The  final  point,  as  shown  by  different  indicators,  varies 
with  dififerent  acids,  both  organic  and  inorganic.  The  reader 
will  find  the  account  of  thorough  investigations  on  this  point 
in  the  articles  by  Thomson  (Zeits.  filr  anal,  Cliemie,  1885, 
p.  222)  and  Engel  {Comptcs  rendus,  vol.  ciL) 

3.  Carbonic  acid, — The  determination  of  this  acid  may  be 
required  either  in  a  mixture  of  gases  (in  the  air)  or  in  aqueous 
solution.  To  estimate  its  percentage  in  the  atmosphere  a 
current  of  air  is  passed  for  about  ten  minutes,  by  means  of  a 
bellows,  into  a  large  flask  (of  about  10  liters  capacity)  which 
can  be  closed  by  a  tightly-fitting  cork.  A  known  volume  of 
baryta  water  is  then  run  in,  the  cork  inserted,  and  the  flask 
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thoroughly  shaken  and  set  aside  until  the  barium  carbonate 
has  settled.  An  aliquot  portion  of  the  solution  is  then  taken 
out,  and  the  residual  barium  hydroxide  which  it  contains 
titrated  with  oxalic  acid,  A  standard  solution  of  the  latter  is 
prepared  by  dissolving  2*8636  gr.  in  1000  c.c.  water.  The 
final  point  of  the  reaction  is  determined  by  turmeric  paper, 
the  acid  being  added  until  the  paper  ceases  to  turn  brown. 
The  carbonic  acid  is  found  from  the  quantity  of  barium 
hydroxide  with  which  it  has  united. 

The  further  generalisation  of  acidimetric  methods  is 
exactly  analogous  to  that  which  we  have  observed  in  alkali- 
metry. 


II.   OXIDATION  AND  REDUCTION  METHODS 

OXIDIMETBT 

§  150.  The  oxidising  agent  usually  employed  in  volumetric 
analysis  is  potassium  permanganate;  more  rarely,  potassium 
dichromate.  Both  salts  are  applied  in  acid  solution  (their 
acids  being  the  oxidising  mediums). 

Determination  of  Iron  (Marguerite's  method). — The  volu- 
metric estimation  of  iron  is  based  upon  its  conversion  from  the 
ferrous  to  the  ferric  state.  As  free  permanganic  acid  is  too 
unstable  to  be  used,  a  solution  of  potassium  permanganate  is 
employed,  and  its  acid  liberated  by  sulphuric  acid  during  the 
determination.  In  surrendering  its  oxygen  to  the  ferrous  salt, 
the  permanganic  acid  becomes  reduced  to  a  manganous  salt : 

lOFeSO^  +  8H2SO4  +  SKMnO^  = 

bFe^(SO^)^  +  KoSO^  +  2MiiS0^  +  SHgO. 

Permanganic  acid  and  its  salts  dissolve  in  water  to  a  dark 
carmine-red  colour,  which  is  so  intense  that  even  a  thin  layer 
of  the  concentrated  solution  is  opaque,  and  one  drop  colours 
250  C.C.  water  a  fine  rose-red.  Manganous  and  ferrous  solu- 
tions are  colourless,  and  the  dilute  solution  of  a  ferric  salt  is 
only  slightly  yellow.  As  long  as  ferrous  salts  are  present, 
the  carmine  colour  caused  by  the  addition  of  potassium  per- 
manganate vanishes  almost  instantly,  and  the  point  at  which 
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the  reaction  is  complete  is  indicated  by  the  appearance  of  a 
red  tint,  which  lasts  for  several  minutes. 

We  shall  explain  the  practical  operations  involved  in  this 
method  in  the  order  in  which  they  are  performed  in  the 
analysia  The  burette  used  also  requires  a  short  descrip- 
tion :  the  ordinary  burette  is  unsuitable,  owing  to  the  action  of 
potassium  permanganate  upon  rubber. 

Gay  Lussac*s  and  Mohrs  burettes, — Titrations  with  potassium 
permanganate  are  performed  with  a  Gay  Lussac's  burette,  or 
one  of  its  many  modifications  (e.^.,  Geissler's  burette).  This 
instrument  consists  in  a  wide,  graduated  tube,  at  the  bottom  of 
which  is  joined  a  second,  of  small  diameter ;  the  latter  nms  up 
the  side  of  the  burette  proper,  and  at  its  upper  end  is  bent 
over,  to  form  a  good  outlet.  The  outlet  must  be  higher  than 
the  zero-point  of  the  scale.  The  liquid  can  be  poured  out  in 
drops  by  inclining  the  burette,  but  a  more  convenient  method 
consists  in  closing  the  instrument,  which  should  be  fastened  to 
a  support,  with  a  cork  fitted  with  a  glass  tube,  and  regulating 
the  outflow  by  blowing  air  through  the  latter.  The  following 
modification,  proposed  by  Mohr,  is  to  be  still  more  highly  re- 
commended. The  burette  is  made  of  a  narrow  graduated 
cylinder,  provided  with  a  wooden  foot,  and  closed  by  a  double 
perforated  cork.  Through  one  of  the  perforations  the  delivery 
tube  passes,  reaching  to  the  bottom  of  the  cylinder ;  its  outside 
end  is  not  drawn  out,  but  bent  over  to  an  angle  of  slightly 
less  than  90°.  The  cork  holds  in  the  other  perforation 
a  tube  for  the  introduction  of  air.  In  making  an  analysis,  the 
operator  takes  the  burette  in  his  right  hand,  and  in  his  left  the 
beaker  containing  the  solution  to  be  titrated.  Finally,  ordinary 
burettes  in  which  the  rubber  tubing  and  clamp  are  replaced 
by  a  glass  stopcock  are  sometimes  used.  The  difficulty  with 
which  the  outflow  is  controlled,  and  the  tendency  of  the  passage 
to  become  clogged  by  sediment,  however,  give  these  burettes 
little  advantage  over  others. 

1.  Hie  polassium  permanganate  solution  is  made  up  to  an 
arbitrary  strength,  e.g.,  so  that  one  cubic  centimeter  will  corre- 
spond to  0*010  gr.  iron.  The  solution  is  made  by  dissolving 
up  the  crystallised  salt,  and  preserved  in  a  flask  similar  to  a 
wash-bottle,  from  which  it  can  be  transferred  directly  to  the 
burette.     The  deep  colour  of  the  solution  prevents  the  meniscus 
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in  the  burette  from  being  seen,  and  for  this  reason  the  reading 
must  be  made  from  the  upper  line  of  the  liquid,  by  reflected 
light  (a  light  is  placed  at  the  side  or  in  front  of  the  burette, 
and  a  piece  of  white  paper  held  behind  it).  The  solution  of 
the  crystallised  salt  rarely  changes  in  strength,  but  it  is  still 
advisable  to  standardise  it  anew  from  time  to  time. 

2.  Determination  of  the  strength  of  potassium  permanganate. 
— The  most  accurate  method  is  by  means  of  metallic  iron ; 
about  0'2  gr.  of  iron  piano- wire  (free  from  rust)  are  weighed 
off  and  dissolved  in  about  20  c.c.  dilute  sulphuric  acid,  the 
process  of  solution  being  assisted  by  warmth.  The  operation 
should  be  performed  in  a  wide-mouthed  flask,  which  is  placed 
in  an  oblique  position,  and  closed  by  a  stopper  holding  two 
tubes :  through  one  of  the  latter  is  led  a  current  of  carbon 
dioxide,  not  only  during  the  process  of  solution,  but  also  while 
the  liquid  is  cooling.  When  perfectly  cold  the  solution  is 
transferred  to  a  beaker,  the  flask  rinsed  out  several  times  with 
water,  and  the  whole  brought  up  to  about  200  c.c.  The 
beaker  is  then  placed  on  a  piece  of  white  paper  (the  experiment 
may  be  equally  well  made  in  a  porcelain  dish),  and  constantly 
stirred  while  the  potassium  permanganate  is  being  added.  As 
long  as  the  colour  disappears  instantly,  the  permanganate  may 
be  rapidly  run  in,  but  it  must  be  gradually  checked  as  the 
colour  becomes  more  permanent,  and  is  finally  added  drop  by 
drop.  The  final  point  has  been  reached  when  the  solution  as- 
sumes a  faint  rose-red  tint  which  can  be  seen  for  several  minutes. 
Time  must  be  allowed  for  the  permanganate  to  flow  down  the 
sides  of  the  burette  and  assume  its  true  level,  before  the 
reading  is  made.  The  accuracy  of  the  results  must  be  con- 
firmed by  a  repetition  of  the  experiment  The  strength  of  the 
potassium  permanganate  solution  should  be  expressed  in  its 
equivalent  of  iron ;  this  is  found  by  dividing  the  weight  of  the 
wire  taken  by  the  number  of  cubic  centimeters  of  permanganate 
used.  As  the  iron  in  piano-wire  is  slightly  impure,  the  cal- 
culation should  be  based  on  the  assumption  that  it  contains 
99*70  per  cent  of  pure  iroiL 

In  dissolving  metaUic  iron  in  stdphnric  acid,  whether  for  analysis  or 
in  standardising  the  potassium  permanganate  solution,  the  above  apparatus 
may  be  replaced  by  that  proposed  by  Bunsen.  This  consists  of  an 
ordinary  flask  in  which  is  inserted  a  tube  provided  with  a  valve.     The 
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Tadve  U  made  of  a  pi««  of  rubber  tnbing  in  woich  a  short  smooth  *liu 
a}y>at  a  ^^entimeter  in  length,  has  been  ent  bj  a  sharp  knife  The  tubing 
mrut  fit  ti^htlj  over  the  glai»  tabe,  and  be  dceed  at  iza  free  end  bj  a 
^ieff:  of  gLua  rod.  Before  a«ing  the  apparatm,  the  operator  most  test  the 
tt^fiTkcj  rA  the  valve  bv  blowing  stronzlv  into  the  daak,  and  observing 
whether  the  air  escapes  freelj.  When  the  iron  has  paased  into  solution 
the  flaflk  U  placed  in  cold  water  to  cool,  and  the  corit  then  withdrawn. 
If  a  jilij^t  vacniun  haa  been  created  bv  the  cooling,  it  is  an  indication 
that  the  contents  of  the  Te«el  were  correct!  v  and  hermeticallv  shot  off 
from  the  outer  air, 

3.  Pfifffyrmawtt  of  the  analysu. — A  quantity  of  the  ferroos 
compound,  corresponding  to  about  0*2  gr.  iron,  is  dissolved  in 
a  finsk  in  water  or  an  acid,  and  a  stream  of  hydrogen  or  carbon 
rlioxide  lefl  into  the  flask,  both  during  the  process  of  solution 
and  while  the  liquid  is  cooling.  The  solution  is  then  made 
up  to  200  c.c.  As  the  titration  with  potassium  permanganate 
hi  to  be  made  in  acid  solution  (see  the  equation  which  expresses 
the  reaction)  aqueous  ferrous  solutions  must  be  acidified  with 
sulphuric  acid.  The  analysis  is  repeated  three  times,  each 
time  with  50  cc  of  the  solution,  and  in  the  same  beaker  or 
dish,  the  liquid  used  in  the  preceding  experiment  not  being 
thrown  out.  The  second  and  third  titrations  usually  give  the 
same  results.  The  directions  given  above  must  be  carefully 
foUowecL  The  quantity  of  ferrous  iron  present  is  found  by 
multiplying  the  number  of  cubic  centimeters  used,  by  the 
strength  of  the  permanganate. 

Examples  of  Oxidimetric  Determinations. — 1.  The  estima- 

iion  of  iron  in  ferric  compounds  requires  their  previous  reduction. 
For  thLs  purpose  the  solution  is  heated  with  zinc  (iron-free) 
and  sulphuric  acid,  in  an  atmosphere  of  carbon  dioxide  or 
hydrogen,  until  it  has  become  perfectly  colourless.  The  heat 
must  be  very  cautiously  applied :  the  remaining  operations  are 
the  same  as  abova 

If  hydrochloric  acid  has  been  used  as  the  solvent  (as  in 
the  analysis  of  iron  ores),  the  solution  must  be  strongly  diluted 
before  being  titrated,  and,  to  secure  accurate  results,  the 
potassium  permanganate  must  first  be  standardised  against  a 
solution  of  approximately  the  same  concentration,  and  contain- 
ing an  equal  quantity  of  hydrochloric  acid.  The  rest  of  the 
analysis  is  performed  in  the  same  manner  as  before.  The 
action  of  hydrochloric  acid  on  potassium  permanganate  is  so 
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detrimental  to  good  results,  however,  that  its  use  should  be 
dispensed  with  as  much  as  possible. 

Fresenius  has  made  a  number  of  experiments  which  go  to 
prove  that,  under  certain  conditions,  potassiimi  permanganate 
which  has  been  standardised  against  sulphuric  acid  can  be  used 
in  titrating  hydrochloric  acid  solutions.  The  concentrated 
solution  of  the  ferrous  compound  in  hydrochloric  acid  is  made 
up  to  250  c.c.  with  pure  water,  and  then  to  1000  c.c.  with 
water  which  has  been  strongly  acidified  with  sulphuric  acid. 
Different  portions,  of  50  c.c.  each,  are  then  titrated,  as  before: 
the  second  and  third  results  should  be  the  same  (the  first  is 
usually  high).  The  constant  results  are  calculated  to  the 
entire  volume  of  the  ferrous  solution,  and  the  quantity  of 
iron  deduced  from  the  value  obtained.  Zimmermann  recom- 
mends the  titration  of  hydrochloric  ferrous  solutions,  in  presence 
of  25  C.C.  of  a  manganous  sulphate  solution  which  contains 
200  gr.  MnSO^  in  1000  c.c.  water. 

Remark. — In  titrating  with  potassium  permanganate,  the  presence  of 
easily  oxidisable  substances,  such  as  nitric  acid  which  contains  nitrons 
acid,  and  of  organic  compounds,  must  of  course  be  avoided. 

2.  Sepafotimi  of  ferrous  from  ferric  iron. — (Example; 
oxidised  ferrous  sulphate).  For  this  purpose  two  operations 
are  necessary:  (1)  a  direct  titration  to  determine  the  quantity 
of  iron  present  in  the  ferrous  condition ;  (2)  an  estimation  of 
all  the  iron,  after  reduction  of  the  ferric  salt.  The  difference 
between  the  results  of  the  two  determinations  gives  the  quantity 
of  ferric  iron  reduced,  and  this  value  is  calculated  to  the 
sesquioxide.  Each  determination  is  made  in  a  separate  portion 
of  the  salt ;  the  quantity  to  be  weighed  off  depending  upon 
that  of  metallic  iron  employed  in  standardising  the  potassium 
permanganate. 

56  Iron  (Fe)  =  72  Ferrous  oxide  (FeO)  =  80  Ferric  oxide (-^) • 

3.  Separation  of  aluminiwm  and  iron. — The  sum  of  the 
aluminium  and  ferric  oxides  is  first  determined,  by  one  of  the 
gravimetric  methods,  and  a  weighed  quantity  of  the  mixture 
then  brought  into  solution,  either  by  fusion  with  acid  potassium 
sulphate  and  extraction  with  water  and  sulphuric  acid,  or  by 
heating  with  sulphuric  acid  alone  (§  143;  Example  No.  15). 
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Tb>  irr,r.  iA  then  r'=irr:r^i  '".t  zinc  f  as  zi  die  ^TirnArfon  ot  f-rrri 
%Iw»/-  «nd  zizr^i^uA  with  poCkaefrrz.  perraansariise.  Tbe 
fr-ju-^tiZj  *'j(  ferTTrTis  irr»a  f-jtiml  ia  ealcxila^rii  Ct:-  ferric  oiiic, 
*nd  »TiriCrst/;t#j*i  from  the  w^i2*:t  o^  tfci^  orf-.rT!Al  rairrop^-  the 
d:i5=rrenr>;  rjeini?  the  aInLT.-/.r>::zni  oxiie^  Hj^irncbktcc  udd 
y>l7::i:'jiM  Ar%  I«s«  srdcariuj  for  tfct*  ucrad-jii  t?**  ih^jT^L 

¥9U, — L  HetbfA  of  P^^Iook  and  Fnsaeniaa.  Tbr  ^nptrrSu'i-c:* 
fierro^^  f>ial:  »  e^tiiDAZtd  with  pocassfiim  pjgTRAngariAte.  and 
tl^ie  amr>ant  oiadbifA  br  the  nitric  acid  raWhtai  to  the  latter: 
ZFe  =  HSO^  a^xxjT^iLii  to  the  ecnation : 

JP^.^  -  KXOj  -  4ECI  =  50  -r  SFeCL,  -r  KQ  -r  iH.0. 

One  gram  of  piano-wire  is  tr«5ated  with  30-40  cc.  fuming 
hydrochloric  acid,  in  a  tubulated  retort  "^of  about  200  ex.  capa- 
city^, inUf  which  is  led  a  current  of  hyilrogen  or  carbi>n 
dioxifle,  the  ret^>rt  feing  placed  on  the  water-bath.  As  soon 
aA  complete  solution  has  been  effected  and  the  liquid  oxrled 
off  /"the  current  of  gas  still  Sowing^,  the  cork  is  taken  out,  a 
imiall  glass  tufje  containing  the  substance  (a  quantity  repre- 
senting 0'2  ^^.  HXO^  introduced,  and  the  cork  then  hastily 
reia«ierte^L  The  retort  is  again  heated  on  the  w«rter-bath  Ubr 
half  an  hour),  and  its  contents  are  finally  boiled  until  all  the 
nitrr/iis  oxide  has  been  expelled.  The  liquid  is  then  allowed 
Uf  c/fffl  in  a  current  of  carbon  dioxide,  diluted  with  water,  and 
the  n^idual  ferrrjos  chloride  titrated  with  potassium  perman- 
gariaU^  The  calculation  of  the  results  is  obvious.  The  per- 
manganate mast  be  standardised  against  a  solution  of  the 
same  c/>ncentration,  and  containing  the  same  quantity  of 
hydrrjchloric  acid  as  tliat  ascl  in  the  estimation  of  the  nitric 
tuM.  The  quantity  of  ferric  oxide  formed  can  also  be 
dhUtrmiwA  directly,  by  titration  with  stannous  chloride  (see 
lodometry). 

5.  D^Urminatum  of  tin, — The  tin  mxist  either  be  in  the  metallic 
fr/nn  cir  &a  ntunnrmn  chloride.  The  method  is  based  upon  the  reduction 
of  ferric  to  ferrous  iron  by  tin  in  either  of  these  forms.  A  definite 
▼olume  of  a  standarrlised  ferric  chloride  solution  (prepared  by  dissolving 
piano- wire  in  hydrochloric  acid  and  adding  potassium  chlorate)  is  treated 
with  fitatmons  chloride,  or  heated  with  finely -divided  tin.  The  reduc- 
tion n;Hu1ti  in  the  formation  of  a  certain  quantity  of  ferrous  chloride, 
which  can  be  determined  by  titration  with  potassium  permanganate.     As 
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the  titration  is  made  against  a  hydrochloric  'solution,  the  proper  precau- 
tions must  be  taken,  as  explained  above.  The  quantity  of  tin  is 
calculated  by  means  of  the  formulae  : 

SnCL, + 2FeCl3 = Sna4 + 2FeCl2, 
Sn  +  4FeCl3 = SnCl^ + 4FeCl3. 

6.  Oxidimetry  is  extended  to  the  analysis  (1)  of  many  easily  oxidised 
substances,  e.g,y  organic  bodies,  such  as.  oxalic  acid,  oxalates,  etc.,  by 
titration  with  potassium  permanganate  ;  and  (2)  of  all  substances  which 
oxidise  ferrous  salts  (chromic  acid,  etc.)  The  latter  class  are  analysed 
in  the  same  way  as  nitric  acid. 


lODOMETBY 

§  151.  lodometry  has  as  its  basis  the  determination  of 
iodine  by  titration  with  sodium  thiosulphate.  The  equation 
mvolved  is  as  follows : 

21  +  SNajSgOg  =  2NaI  +  Na2S^0^ 

The  necessary  operations  will  be  described  in  the  order 
which  they  assume  in  an  analysis.  The  first  is  the  determina- 
tion of  the  iodine,  upon  which  all  the  methods  are  based.  The 
operations  can  be  performed  with  ordinary  burettes. 

Determination  of  Iodine. — The  titration  is  made  with 
sodiimi  thiosulphate,  the  latter  being  added  in  excess,  and  the 
final  point  found  with  the  iodine  solution.  Starch -paste  is 
used  as  the  indicator,  and  the  final  point  made  the  appear- 
ance of  a  blue  tint. 

1.  Preparation  of  the  soltUions. — 10  gr.  of  sodium  thio- 
sulphate are  dissolved  in  1000  c.c.  water.  The  solution  must 
be  standardised  by  experiment,  as  the  commercial  sailt  always 
contains  impurities. 

The  iodine  solution  is  prepared  by  dissolving  5  gr.  of 
sublimed  iodine  in  a  concentrated  aqueous  solution  of  8  gr. 
potassium  iodide,  which  must  be  perfectly  free  from  iodate.^ 
The  solution  is  then  made  up  to  1000  c.c.  The  volumetric 
relation  between  the  iodine  and  thiosulphate  solutions  must 

^  The  purity  of  the  potassium  iodide  is  tested  by  adding  some  starch-paste, 
and  then  hydrochloric  acid,  to  its  solution.  If  the  solution  becomes  blue,  iodic 
acid  is  present.  To  T>urify  the  iodine,  6  parts  of  the  halogen  are  mixed  with 
1  part  T)otassium  iodiae  and  sublimed  between  two  weU-fitting  porcelain  dishes. 
The  sublimate  (and  iodine  solutions  in  general)  must  be  preserved  in  glass 
8toj)pcred  bottles,  as  iodine  eats  into  ordinary  corlc. 
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be  ascertained  by  experiment.  The  solutions  change  on  stand- 
ing, especially  under  exposure  to  the  light,  and  must  therefore 
be  compared  and  restandardised  from  time  to  tune. 

To  prepare  the  starch -paste,  perfectly  pure  starch  is 
digested  with  100  parts  of  water,  and  the  latter  gradually 
heated  to  incipient  boiling.  The  mixture  must  be  stirred 
without  cessation,  throughout  the  operation.  The  emulsion 
obtained  is  then  allowed  to  cool  and  settle,  and  the  super- 
natant liquid  decanted  from  the  imdissolved  portion.  Starch- 
paste  is  unstable,  and  must  therefore  be  made  anew  for  each 
series  of  determinations.  About  30  cc  of  the  solution  are 
added  in  each  titration. 

2.  Relation  between  the  soltUions  of  iodine  and  sodium  thio- 
sulphate.  20  cc.  of  the  sodium  thiosulphate  solution  are  run 
into  a  beaker  from  the  burette,  starch -paste  added,  and  the 
sample  titrated  with  the  iodine,  to  incipient  blueness.  There 
must  be  a  short  wait  before  the  reading  is  made  (§  146). 
The  relation  between  the  two  solutions  can  be  accurately 
determined  only  by  taking  the  average  of  several  titrations. 
If  it  is  foimd  to  be  very  complicated,  a  factor  is  calculated  for 
expressing  a  given  volume  of  iodine  solution  in  its  equivalent 
of  thiosulphate  (§  147). 

3.  The  sodium  thiosulphate  is  standardised  by  titration 
against  a  weighed  quantity  of  pure  sublimed  iodine.  About 
01 5  gr.  of  the  latter  are  weighed  off  between  two  watch- 
glasses  (it  is  well  to  first  subject  it  to  sublimation  in  the 
same  way).  The  watch-glasses  are  then  placed  in  a  beaker 
holding  a  solution  of  potassium  iodide  (1:10).  When  the 
iodine  has  passed  into  solution,  sodium  thiosulphate  is  run  in 
from  the  burette  until  the  brown  colour  has  completely  dis- 
appeared, and  the  volume  used  is  then  read  off.  Starch -paste 
is  next  added,  and  the  excess  of  sodium  thiosulphate  titrated 
with  the  iodine  solution.  The  numbers  of  cubic  centimeters 
of  iodine  solution  used  having  been  calculated  to  cubic  centi- 
meters of  thiosulphate,  the  result  is  subtracted  from  the 
volume  of  the  latter  originally  employed,  and  the  strength  of 
the  thiosulphate  is  found  by  dividing  the  weight  of  the  iodine 
by  this  value.  The  strength  is  expressed  in  milligrams  of 
iodine.  It  should  be  deduced  from  the  average  results  of 
several  concordant  experiments. 
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When  the  sodium  thiosulphate  has  been  standardised,  the 
known  relation  which  it  bears  to  the  iodine  solution  used  in 
titrating  the  excess  of  thiosulphate  of  course  determines  the 
strength  of  the  iodine,  without  a  second  titration  being  in- 
volved. It  is  therefore  unnecessary  to  describe  the  standard- 
ising of  the  iodine. 

§  152.  I.  Examples   of  lodometric   Methods. — 1.  The 

determination  of  iodine  with  standard  sodium  thiosulphate  is 
made  in  the  manner  just  described,  and  therefore  requires  no 
further  explanation.     Example :  commercial  iodine. 

The  iodine  solution  having  once  been  standardised,  several 
substances  which  convert  iodine  to  hydriodic  acid  can  be 
estimated  by  its  means.  A  few  examples  involving  this 
method  follow. 

2.  Determination  of  hydrogen  sulphide  in  aqueous  solution. 

The  iodometric  determination  of  hydrogen  sulphide  is  based 

upon  the  equation : 

H2S  +  l2  =  2HI  +  a 

It  becomes  inaccurate  when  more  than  0'04  per  cent  of 
hydrogen  sulphide  is  present.  The  titration  is  carried  out 
until  the  blue  colour  appears. 

3.  Determin^ion  of  sulphurous  acid, — The  equation  ex- 
pressing the  reaction  is  as  follows : 

SOg  +  Ig  +  2H2O  =  HgSO^  +  2HL 

Bunsen  used  this  method  only  for  solutions  which  contained 
no  more  than  0  0  5  per  cent  SOg.  Volhard  has  shown  that 
it  also  gives  exact  results  with  more  concentrated  solutions,  if 
sulphurous  acid  be  added  to  an  excess  of  standard  iodine  solu- 
tion, and  the  superfluous  iodine  then  determined  with  sodium 
thiosulphate. 

4.  Determination  of  arsenums  add. — About  1  gr.  of 
arsenious  acid  or  an  arsenite  is  dissolved  in  a  concentrated 
solution  of  sodium  bicarbonate,  starch -paste  added,  and  the 
solution  titrated  with  standard  iodine.  The  reaction  is  repre- 
sented by  the  equation: 

AsgOg  +  4NaOH  +  41  =  AsgOg  +  4NaI  +  2H2O. 

5.  Determination   of  stannous   tin. — Metallic  tin  or  the 
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stannous  salt  is  dissolved  in  hydrochloric  acid,  in  a  current  of 
carbon  dioxide,  and  a  piece  of  platinum  added  while  the 
reaction  is  proceeding.  After  the  addition  of  some  sodium 
potassium  tartrate  (Bochelle  salt),  and  an  excess  of  sodium 
bicarbonate,  a  few  cubic  centimeters  of  starch-paste  are  added, 
and  the  solution  titrated  with  standard  iodine.  Two  atoms 
of  iodine  (254)  correspond  to  one  atom  of  tin  (118). 

A  standard  solution  of  stannous  chloride  can  also  be  pre- 
pared in  this  manner,  and  substances  which  are  reduced  by 
stannous  chloride  determined  by  its  aid.  The  following  is  an 
example  of  this  method. 

6.  Determination  of  ferric  oxide  with   stannous  chlorida 

The  volumetric  determination  of  ferric  oxide  is  based  upon  the 

reduction   of  ferric  chloride  to  the  ferrous  state  by  stannous 

chloride : 

2FeCl3  +  SnCl^  =  SFeCl^  +  Sna^. 

To  standardise  the  stannous  chloride  solution,  a  weighed 
piece  of  piano- wire  is  dissolved  in  hydrochloric  acid  in  pres- 
ence of  potassium  chlorate,  and  the  resulting  liquid  titrated 
with  the  stannous  chloride  solution,  the  strength  of  which  is 
to  be  foimi  The  final  point  of  the  reaction  is  indicated  by 
the  complete  decolorisation  of  the  previously  yellow  solution. 
To  ascertain  whether  too  much  stannous  chloride  has  been 
added,  the  solution  must  be  cooled  off,  starch -paste  added, 
and  any  excess  titrated  with  a  solution  of  iodine  in  potas- 
sium iodide,  the  relation  of  which  to  the  stannous  chloride 
is  known.  The  iodine  is  added  until  the  solution  begins  to 
turn  blue.  If  stannous  chloride  was  present  in  excess,  the 
superfluous  amount  is  deduced  firom  the  volume  of  iodine 
solution  run  in.  Ferric  compounds  can  be  determined  with  a 
solution  of  stannous  chloride  in  the  same  manner. 

II.  Chlorimetry. — The  second  group  of  iodometric  methods 
comprises  the  estimation  of  free  chlorine  and  bromina  For 
this  pui-pose  the  equivalent  quantity  of  iodine  liberated  by  the 
one  or  the  other  is  titrated. 

7.  Determination  of  bromine  in  bromine  water.  Ten  cubic 
centimeters  of  bromine  water  are  delivered  from  a  pipette  into 
a  beaker  containing  a  solution  of  potassium  iodide.  The 
pipette  used  should  be  joined,  by  rubber  tubing,  to  a  tube  con- 
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taining  pieces  of  lime  which  have  been  soaked  in  a  concen- 
trated solution  of  sodium  sulphate,  with  which  to  hold  back 
the  bromine  fumes:  the  rubber  tubing  is  encircled  by  a 
pinchcock.  The  brown  colour  produced  by  the  liberation  of 
iodine  from  the  potassium  iodide  is  next  destroyed  by  sodium 
thiosulphate,  and  the  excess  of  the  latter  titrated  with  starch- 
paste  and  standard  iodine  solution,  as  described  above.  127 
1=80  Br. 

8.  Anaiysis  of  bleachinff  powder  (chloride  of  lime). — 10 
gr.  are  mixed  to  a  paste  with  water  in  a  mortar,  rinsed  into  a 
Uter-flask,  and  diluted  to  the  mark.  After  being  thoroughly 
shaken,  an  aliquot  portion  of  the  solution  and  precipitate  is 
taken  out,  and  treated  with  potassium  iodide  and  hydrochloric 
acid.  The  iodine  which  separates  is  determined  as  usual. 
Each  atom  of  iodine  (127)  corresponds  to  one  of  chlorine 
(35-5). 

III.  Analysis  of  compounds  which  generate  chlorine  when 
heated  with  hydrochloric  add:  peroxides,  certain  oxides, 
chromic  acid,  etc. 

The  gaseous  chlorine  is  led  into  a  solution  of  potassium 
iodide,  and  the  liberated  iodine  determined.  The  oxygen 
compounds  undergo  reduction ;  21  =  2C1  =  0. 

9.  Potassium  dichromxite. — ^A  weighed  quantity  of  the  salt 
(about  0*3  gr.)  is  introduced,  together  with  fuming  hydro- 
chloric acid,  into  a  long  necked  flask.  The  latter  is  placed  in 
a  slightly  oblique  position,  and  closed  by  a  black  caoutchouc" 
cork,  holding  a  tube  which  is  in  connection  with  a  receiver 
containing  potassium  iodide.  The  receiver  is  supplied  in  a 
common  retort,  which  is  fastened  in  an  inverted  position,  the 
bulb  thus  being  above  the  neck.  The  lower  half  of  the  retort 
must  be  placed  in  a  porcelain  dish  containing  cold  water,  as 
the  reaction  would  otherwise  generate  too  much  heat.  The 
quantity  of  potassium  iodide  solution  (5  gr.  KI)  to  be  placed 
in  the  retort  is  governed  by  the  capacity  of  the  latter ;  it 
must  be  small  enough  to  secure  against  its  ejection  from  the 
retort  by  a  rapid  generation  of  the  gas.  A  piece  of  magnesite 
(magnesium  carbonate)  should  also  be  placed  in  the  flask,  and 
a  continuous  stream  of  carbon  dioxide  thus  generated,  to  pre- 
vent recession  of  the  potassium  iodide.  The  apparatus  having 
been  set  up  and  filled  with  the  respective  solutions,  the  con- 
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tentA  of  the  flask  are  gentlv  heated^  and  finallr  boQed  for 
aboat  ten  minatesu  Close  attention  must  be  paid  to  this 
operation,  and  when  the  lamp  has  once  been  placed  below  the 
apparatus,  it  mn«t  not  be  removed,  eren  while  the  apparatus 
is  being  taken  apart  When  the  reaction  has  ceased,  the  cork 
is  taken  out  of  the  flask,  and  the  retort  tnmed  over  and 
allowed  to  cooL  Its  contents  are  then  poured  into  a  beaker, 
the  retort  rinsed  out  several  times,  and  the  wash-water  added 
to  the  solution.  Sodium  thioeulphate  having  been  run  in 
until  the  solution  has  lost  its  colour  and  the  volume  u^ed 
having  been  noted,  its  excess  is  determined  with  standard 
io^line  solution,  as  above.  The  results  are  calculated  to 
chromium  trioxide  or  potassium  dichromate.  The  equation 
and  equivalent  quantities  follow : 

KjCtjO- + i4Ha = ea + scrci^ + 2Ka + tilo. 

381  parte  iodine  (31)  =  106*5  parte  chlorine  (3C1)  =  100  parte 

chrominm  trioxide  (CrO^). 
762  parte  iodine  (61)  =  213  parte  chlorine  (6C1)  =  294  parte  potassinm 

dichromate  (E^Cr^O-). 

Manganese  dioxide  and  chloric  and  iodic  acids  are  analysed 
in  exactly  the  same  manner,  and  with  the  same  apparatus. 

MnOj  +  4Ha  =  2a  +  MnG^  +  2n,p, 
KClOj  +  6KI  +  6Ha  =  61  +  7Ka  +  3BU0. 

IV.  The  analysis  of  svhstances  in  a  lower  degree  of  oxida-- 
tion,  but  which  pass  into  higher  oxides  in  presence  of  chlorine, 
is  merely  an  extension  of  this  method 

If  we  know  the  quantity  of  chlorine  employed  (it  is 
found  l>y  acting  with  hydrochloric  acid  on  a  weighed  amount 
of  potassium  dichromate,  and  calculating  the  chlorine),  and 
determine  the  quantity  unconsumed  in  the  reaction  (again  by 
liberation  and  determination  of  iodine),  the  difference  cor- 
responds to  the  quantity  of  the  substance  oxidised. 

10.  Arsenic  trioxide, — ^About  0*3  gr.  of  potassium  di- 
chromate and  a  like  quantity  of  arsenic  trioxide  are  weighed 
off,  and  the  amount  of  chlorine  which  the  former  can  release 
is  calculated.  The  analysis  is  made  in  the  same  manner 
as  that  of  potassium  dichromate  (9).      The  iodine  liberated 
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having  been  determined,  the  corresponding  quantity  of  chlorine 
is  calculated,  and  this  value  subtracted  from  the  entire  quantity 
set  free  by  the  potassium  dichromate ;  the  difference  represents 
the  chlorine  which  has  been  consimied  in  oxidising  the  arsenic 
trioxide.  This  quantity  stands  in  the-following  proportion  to 
the  arsenic  trioxide : 

142  parts  chlorine  (4C1)=  198  parts  arsenic  trioxide  (AsgOj). 

11.  Ftrrous  and  ferric  ooddes.  Bunsen's  method. — The 
determination  of  ferrous  and  ferric  oxides  is  made  in  the  same 
manner.  Fuming  hydrochloric  acid  and  a  piece  of  marble  are 
introduced  into  the  flask,  and  after  the  air  has  been  com- 
pletely displaced  by  carbon  dioxide,  the  cork  is  removed  for 
an  instant,  and  weighed  quantities  of  the  substance  and  potas- 
sium dichromate  dropped  in.  The  remaining  processes  are 
the  same  as  above.  The  loss  in  chlorine  corresponds  to  the 
quantity  of  ferrous  oxide. 

36*6  parts  chlorine  (Cl)=  72  parts  ferrous  oxide  (FeO). 

Ill 

PEECIPITATION  METHODS 

§  163,  The  precipitation  methods  are  based  upon  the  for- 
mation of  an  insoluble,  from  two  soluble  bodies.  The  final 
point  of  the  reaction  may  be  indicated  by  the  cessation,  or, 
more  rarely,  the  conmiencement,  of  precipitation;  but  in  the 
majority  of  cases  is  shown  by  a  fitting  indicator.  Although 
its  principle  would  permit  this  method  to  be  widely  extended, 
the  difficulties  presented  in  finding  the  final  point  limit  its 
application  to  a  few  determinations. 

1.  Estimation  of  Ohlorine  in  Soluble  OUorides. — In  this 

method  the  chlorine  of  the  chloride  is  precipitated  by  a  standard 
solution  of  silver  nitrate.  To  find  the  final  point,  a  con- 
centrated solution  of  potassium  monochromate  is  used;  the 
reaction  is  complete  when  the  precipitate  assimies  a  per- 
manent reddish-brown  colouration.  The  silver  solution  is 
made  by  dissolving  about  17  gr.  of  fused  silver  nitrate  in 
1000  C.C.  water  (if  less  than  this  quantity  of  solution  be 
needed,  a  corresponding  reduction  is  made  in  the  weight  of 
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the  salt;  e.g.,  for  500  c.c,  8*5  gr.)     This  solution  must  be 
standardised  by  experiment. 

The  strength  of  the  solution  is  determined  with  sodium 
chloride.  Pure  sodium  chloride  (obtained  by  precipitating  a 
saturated  solution  of  the  salt  with  concentrated  hydrocliloric 
acid)  is  cautiously  ignited,  at  a  temperature  somewhat  below 
its  melting  point.  It  is  pulverised  while  still  warm,  and 
placed  in  a  weighing -glass  and  weighed  off,  in  two  or  three 
portions  of  0'l-0'2  gr.  each,  which  are  then  dissolved  in 
beakers  or  casseroles,  in  20-30  c.c.  of  water  each.  After  the 
addition  of  three  drops  of  a  solution  of  potassium  mono- 
chromate,  the  chloride  is  titrated  with  the  silver  solution, 
under  constant  stirring.  The  final  point  is  reached  when  the 
precipitate  attains  a  brownish-red  tint.  This  tint  should  be 
as  nearly  as  possible  the  same  in  every  experiment.  If  the 
results  of  the  last  two  titrations  agree,  this  is  all  that  is  neces- 
sary, and  the  values  can  be  immediately  calculated ;  the 
strength  of  the  solution  should  be  expressed  in  the  equivalent 
of  either  silver  or  chlorine.     The  proportion  is  as  follows : 

58*5  parts  sodium  chloride  =  35*5  parts  chlorine  = 

108  parts  metallic  silver  =  170  parts  silver  nitrate. 

Remark. — If  too  much  of  the  silver  solution  has  accidentally  been 
added  (and  the  colouration  is  consequently  very  dark),  the  excess  can  be 
titrated  with  sodium  chloride.  For  this  purpose  a  decinormal  solution, 
i.e. J  one  which  contains  5*85  gr.  sodium  chloride  in  the  liter,  is  used. 
The  pure  salt  is  weighed  off  (see  above)  and  dissolved  in  1000  c.c.  watei, 
and  the  strength  calculated. 

77wj  analysis. — The  chlorine  in  chlorides  can  be  deter- 
mined by  this  method  only  when  in  neutral  solution.  About 
0*5  gr.  substance  are  weighed  off,  dissolved  in  water,  and  the 
solution  made  up  to  200  c.c.  (first  neutralised,  when  neces- 
sary, by  nitric  acid  or  sodium  carbonate).  Three  portions  of 
tliis  solution,  each  containing  50  cc,  are  then  coloured  by 
three  drops  each  of  a  saturated  solution  of  potassium  mono- 
chromate,  and  titrated  as  above.  The  results  are  calculated, 
as  usual,  from  the  number  of  cubic  centimeters  of  the  silver 
solution  used. 

Examples :  sodium  chloride ;  potassium  chloride ;  am- 
monium chloride. 
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2.  Hydrocyanic  Acid,  Potassinm  Cyanide. — ^The  volu- 
metric determination  is  made  with  a  standard  solution  of 
silver  nitrate :  the  final  point  is  indicated  by  incipient  tur- 
bidity. 

The  silver  solution  is  prepared  by  dissolving  a  weighed 
quantity  of  pure  silver  nitrate  in  a  known  volume  of  water, 
and  calculating  the  strength.  A  decinormal  solution  is  much 
to  be  preferred. 

Potassium  cyanide, — About  0*3  gr.  of  the  salt  are  weighed 
off  and  dissolved  in  100  c.c.  of  water:  25  c.c.  of  this  solution 
are  taken  up  with  a  pipette  for  each  analysis. 

Hydrocyanic  a^d, — To  determine  hydrocyanic  acid  in  a 
concentrated  solution,  from  2-3  gr.  of  the  latter  are  weighed 
off,  saturated  with  potassium  hydroxide,  and  diluted  to  150  c.c. : 
20  or  30  c.c.  of  tins  solution  serve  for  each  titration. 

In  the  analysis  of  both  potassium  cyanide  and  the  free 
acid,  the  silver  solution  is  added  \mtil  the  solution  assumes  a 
slight  turbidity  which  does  not  disappear  on  stirring.  The 
reaction  is  as  follows  : — 

2KCN  +  AgNOy  =  AgK(CX),  +  KNO3 

170  parts  silver  nitrate  =  130*2  parts  potassium  cyanide  =  54  parts 

hydrocyanic  acid.' 

3.  The  determination  of  silver  can  be  accomplished  in 
acid  solution  by  Volhard's  method.  Ammonium  sulphocyanate 
precipitates  silver  salts,  from  their  nitric  acid  solution,  as  silver 
sulphocyanate.  Ferric  sulphate,  upon  which  ammonium 
sulphocyanate  has  no  action  until  the  silver  has  all  been 
precipitated,  serves  as  the  indicator.  The  final  point  is  told 
by  the  appearance  of  the  red  colour  of  the  ferric  compound. 

a.  Ammonium  sulphocyanate  solution, — ^The  solution  is 
prepared  by  dissolving  about  8*0  gr.  of  the  salt  in  a  liter  of 
water :  it  must  be  empirically  standardised,  as  the  pure  salt  is 
unattainable.  For  this  purpose,  about  2  0  gr.  of  silver  nitrate 
are  weighed  off  and  dissolved  in  one  liter  of  water,  previously 
acidified  by  nitric  acid,  and  the  strength  of  the  solution 
calculated.  From  200  c.c.  to  300  c.c.  of  this  solution  are 
then  removed  to  a  beaker ;  5  c.c.  of  a  solution  of  ferric  sulphate 
which  contains  about  50  gr.  of  the  salt  in  1000  c.c.  are  added ; 
and  the  ammonium  sulphocyanate  solution  slowly  run  in  firom 

2g 
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EiKnia  i:::i»t  a2r»e»?  before  the  reszdts  may  i:^  iiiei  to  c^il  lulice 

'X^nverLiezit  tc»  express  the  strength  in  rr.r.Iijrin't.^  of  silver. 

6.  Tm  analyni, — A:jt>ui  Oo  gr.  of  mecallic  slver  ^it  of  a 
srHver  a>in  are  tiissolvicd  in  nitric  aeii  and  ihe  5«>lndoii  made 
'ip  to  oOO  c.c  It  L;  then  titrate!  as  arove.  Tlte  pnrtjen-:*  of 
cv/pf^r  «  no  objection,  even  though  it  ojustiixites  70  t*er  cent 
of  the  allov. 

4-  iMUrminali/m  of  tM  hal/j^ins, — When  in  a  sz'lutioa 
fili^htlr  acidified  by  nitric  acid,  the  hale-sen*  also  can  be 
determined  br  Volhard  3  methoii,  in  the  manner  just  given. 
Standard  silver -solution  is  first  aiideil  in  excess,  and  the 
residual  quantity  determined  bv  titration  with  ammonium 
sulphocranate.  The  difference  between  the  silver  added  and 
found  equals  that  which  has  combined  with  the  halogens. 

o.  iMUrminaiion  of  silver  bv  Gav  Lussac's  method. — The 
theory  of  this  method  is  very  simple.  A  sc»lution  of  silver 
nitrate  is  precipitated  by  sodium  chloride,  with  formation  of 
sodium  nitrate  and  silver  chloride : 

A  definite  quantity  of  sodium  chloride  (estimated  by  weighing 
the  salt  or  measuring  the  solution)  represents  an  equivalent 
quantity  of  silver  chloride,  or,  in  general,  of  metallic  silver. 
The  theoretical  simplicity  of  this  reaction,  however,  is  lost  in 
analysis.  When  a  certain  point  has  been  reached,  toward  the 
end  of  the  precipitation,  equilibrium  is  established  between 
the  sodium  chloride  added,  and  the  sodium  nitrate  and  silver 
nitrate  in  solution.  In  this  state  the  solution  is  precipitateil 
by  silver  nitrate  as  well  as  by  sodium  chloride,  though  on  the 
addition  of  either  reagent  the  equilibrium  is  destroyed.  This 
phenomenon  prevents  the  standardising  of  a  sodium  chloride 
solution,  to  be  used  for  determining  silver,  merely  from  a 
weighe^I  quantity  of  the  salt ;  and  its  strength  must  accordingly 
be  empirically  established  by  titration  with  a  standard  silver- 
solution.  The  final  point  of  the  reaction,  on  the  other  hand, 
can  \)e  denoted  by  one  of  several  phenomena:  (1)  by  the 
precipitate  ceasing  to  form  on  the  addition  of  sodium  chloride ; 
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(2)  by  a  precipitate  being  caused  on  the  addition  of  silver  nitrate. 
If,  after  the  final  point,  as  denoted  by  the  first  method,  has  been 
reached,  a  standard  (preferably  quite  dilute)  solution  of  silver 
nitrate  be  added,  drop  by  drop,  until  this  ceases  to  give  a  pre- 
cipitate, the  solution  is  again  in  condition  to  be  precipitated  by 
sodium  chloride.  Let  us  suppose  that  for  this  exactly  twenty 
drops  of  silver  nitrate  were  necessary.  Sodium  chloride  is 
now  run  in  until  it,  too,  ceases  to  give  a  precipitate.  If  we 
assume  that  the  solutions  of  silver  nitrate  and  sodium  chloride 
correspond  in  strength  (are  decinormal,  for  instance),  it  will  be 
found  that  the  number  of  drops  of  sodium  chloride  used 
exactly  equals  that  of  the  silver  nitrate,  viz.,  twenty.  A 
certain  point,  conveniently  called  the  "  neutralisation  point," 
at  which  the  precipitate  produced  by  either  solution  would  be 
equally  dense,  would  be  reached  on  the  addition  of  ten  drops 
of  one  or  the  other  solution.  This  point  can  also  be  taken  as 
the  final  reaction.  (3)  Finally,  an  excess  of  sodium  chloride 
can  be  added,  and  silver  nitrate  then  run  in  until  it  ceases  to 
cause  a  precipitate.  The  sodium  chloride  having  once  been 
determined,  the  analysis  can  be  made  with  equal  accuracy  by 
employing  any  one  of  the  three  final  points,  if  the  one  chosen 
was  also  used  in  standardising  the  solution.  The  first,  i.e.,  the 
point  at  which  sodium  chloride  ceases  to  cause  a  precipitate, 
is  the  most  convenient,  and  is  generally  employed. 

Standardisation  of  the  sodi^im  chloride  sohUion. — 5 '4 14  5 
gr.  fused  sodium  chloride  are  dissolved  in  one  liter  of  water 
(at  16°  C.)  Rich  cubic  centimeter  of  the  solution  corresponds 
in  theory  to  O'Ol  gr.  silver,  100  c.c.  to  1  gr.  silver,  but  its 
strength  must  also  be  empirically  found.  For  this  purpose, 
1*001  gr.  metallic  silver  are  dissolved  in  5  c.c.  of  nitric  acid 
(1  : 3),  in  a  so-called  test-bottle.  The  latter  should  have  a 
capacity  of  about  200  cc,  and  be  closed  by  a  cork  which  tapers 
to  a  point  below.  During  the  experiment  the  bottle  must  be 
kept  in  a  case  of  black  paper  or  cloth,  provided  with  a  cover. 
Solution  is  assisted  by  placing  the  flask  in  a  slanting  position 
and  gently  heating  on  a  water -bath.  "VMien  the  silver  has 
dissolved  and  the  solution  has  cooled  down  to  16°  C,  100  cc. 
of  the  likewise  freshly  prepared  sodium  chloride  solution  are 
nm  into  the  bottle  from  a  pipette,  and  the  bottle  closed 
and  thoroughly  shaken  until  the  silver  chloride  has  settled. 
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This  precipitated  solution  is  used  to  standardise  the  sodium 
chloride.  The  experiment  must  be  made  with  decinormal 
solutions,  which  are  prepared  as  follows.  A  decinormal  solution 
of  sodium  chloride  is  made  up  simply  hj  diluting  50  c.c.  of  the 
concentrated  solution,  obtained  as  above,  to  500  c.c.  at  16°  C. : 
1  C.C.  of  this  solution  corresponds  to  0*001  gr.  silver.  0*5  gr. 
metallic  silver  are  next  dissolved  in  nitric  acid  (2-3  c.c.  of  1*2 
sp.  gr.),  and  the  solution  made  up  to  500  ex.  (at  16°  C.)  This 
solution  contains  O'OOl  gr.  silver  in  each  cubic  centimeter. 
The  decinormal  silver  solution  is  for  use  in  case  an  excess  of 
sodium  chloride  be  accidentally  added  in  the  titration.  We 
will  now  proceed  with  the  operations.  The  precipitation  of 
the  silver  in  the  test-bottle  is  completed  with  the  decinormal 
sodium  chloride,  the  latter  being  added  in  half  cubic  centimeters 
at  first,  finally  two  drops  at  a  time,  and  the  bottle  shaken  after 
each  addition  until  the  liquid  clears.  The  final  point  is  reached 
when  the  last  two  drops  produced  no  precipitate.  It  is  readily 
distinguishable,  but  for  the  sake  of  security  it  is  advisable  to 
add  2-3  c.c.  of  the  decinormal  silver  solution  and  find  the  point 
again.  The  numl)er  of  cubic  centimeters  taken  of  the  deci- 
normal sodium  chloride  solution  are  then  calculated  to  the 
normal  (divided  by  10),  and  added  to  the  100  c.c.  of  the  latter 
which  were  first  used:  the  result  expresses  the  strength  of 
the  normal  solution  (1  gr.  of  metallic  silver  usually  represents, 
in  fact,  100*1  cc,  or  slightly  more,  instead  of  100  cc,  of  the 
normal  sodium  chloride).  The  empirical  strength  is  employed 
in  calculating  the  results  of  silver  determinations. 

27ie  analysis, — Enough  of  the  sample  for  analysis  (silver 
or  alloy)  is  weighed  off,  to  represent  somewhat  more  than  one 
gram  of  silver  (e.g.,  l*002-l-003  gr.)  This  is  dissolved  in  nitric 
acid  (just  as  that  used  in  standardising  the  solution) ;  100  cc. 
of  the  normal  (concentrated)  sodium  chloride  are  added ;  and 
the  titration  finished  with  the  decinormal  solution.  The  final 
point  must  be  the  same  as  that  taken  in  the  standardising 
operations.  Tlie  result  is  calculated  according  to  the  empirical 
strength  of  the  sodium  chloride.  As  it  is  necessary  to  take 
for  the  analysis  an  amount  of  the  silver  or  alloy  which  re- 
presents one  gram  of  pure  sUver,  the  approximate  amount  of 
silver  which  the  sample  contains  must  first  be  ascertained. 
Por  this  purpose  a  rough  test  is  made  in  the  same  manner  as 
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the  above,  but  without  resort  to  the  decinormal  solutions. 
This  volumetric  method  of  determining  silver  is  remarkably 
exact,  having  even  served  Stas  in  his  determination  of  the 
atomic  weights  of  several  elements.  The  details  which  he 
observed  in  its  use,  however,  cannot  be  described  in  this  book. 
This  method  is  employed  in  the  laboratory  only  when  many 
successive  silver  determinations  are  to  be  made.  A  single 
analysis  can  be  much  more  rapidly  performed  by  gravimetric 
means. 

6.  Pisani*8  method, — This  is  very  convenient  when  but  small 
quantities  (up  to  0*02  gr.)  of  silver  are  to  be  estimated.  It  is 
based  upon  the  fact  that  a  blue,  aqueous  solution  of  iodised 
starch  is  decolorised  by  silver  nitrate,  with  separation  of  silver 
iodide.  The  moment  when  the  last  trace  of  colour  disappears  is 
the  final  point,  and  can  easily  be  discerned.  Two  grams  of  iodine 
are  rubbed  together  with  fifteen  grams  of  starch,  and  a  few 
drops  of  water  added  to  the  mixture.  The  paste  is  then  heated 
upon  the  water-bath,  in  a  closed  flask,  until  the  violet  colour 
changes  to  grayish  blue;  the  transition  requires  about  an 
hour.  Water  is  then  added,  and  the  solution  standardised  witli 
silver  nitrate  (containing  1  gr.  Ag  in  1000  c.c.)  The  con- 
centration should  be  such  that  50-60  c.c.  correspond  to  10  c.c. 
of  normal  silver  solution.  The  methods  both  of  standardising 
the  solution  and  of  the  analysis  itself  are  obvioua  Pisani's 
method  may  be  coupled  with  the  foregoing  one  with  great 
convenience,  the  decinormal  sodium  chloride  solution  used 
in  the  last  stage  of  the  titration  giving  place  to  the  iodised 
starch. 


SECTION  m 

OltGAKIO  AHALTBIS 

Carbon  possesses  the  property  of  entering  into  numberless 
and  ui(mt  diverse  compounds  with  other  elements.  These  car- 
Uiu  compounds  possess  a  far  more  complicated  and  peculiar 
cliaracter  than  those  of  other  elements,  and  (with  the  exception 
(if  a  few  simple  forms)  are  given  a  separate  place  in  the  study 
of  chemistry.  This  branch  of  the  science  is  called  "  Organic 
Chemistry  "  the  "  chemistry  of  organic  or  of  carbon  compounds.' 

Organic  compounds  usually  contain,  besides  their  carbon, 
the  elements  hydrogen  and  oxygen ;  comparatively  few  contain, 
in  addition  to  these  three,  nitrogen;  and  sulphur  and  phosphorus 
are  still  more  rarely  met  with.  These  are  the  principal 
elements  found  in  organic  compounds,  although  the  presence  of 
any  of  the  others  is  possible. 

In  analysis,  the  elements  which  constitute  the  compounds 
are  determined  by  conversion  to  the  respective  stable  forms 
which  we  have  described  in  the  foregoing  pages.  The  carbon 
is  changed  to  carbonic  acid,  hydrogen  to  water,  phosphorus  to 
phosphoric  acid,  etc.  The  methods  for  the  direct  determination 
of  oxygen  are  alone  unsatisfactory,  and  in  spite  of  the  fact  tliat 
this  object  has  been  the  point  of  many  investigations,  oxygen 
is  still  deteniiined  from  the  difference.  We  are  already 
acquainted  with  the  fonns  in  which  the  various  elements  are 
estimated.  The  problem  of  organic  analysis  is  therefore  only 
to  convert  the  elements  of  the  compound  into  these  stable 
forms,  and  to  weigh  them  as  such.  The  peculiar  nature  of 
organic  bodies  has  necessitated  for  this  purpose  the  inven- 
tion of  equally  distinct  methods  of  analysis. 
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DETEEMINATION  OF  CABBON  AND  H7DB0GEN 

§  164.  Organic  compounds  possess  characteristic  properties 
which  sharply  distingiiish  them  from  compounds  of  the  other 
elements.  On  being  heated  in  the  air  the  majority  of  organic 
compounds  burn :  those  which  are  volatile  leave  no  residue  on 
combustion  (unless  they  contain  a  metal):  solid  substances, 
when  ignited  on  platinum  foil,  as  a  rule  first  become  carbonised, 
and  the  residual  carbon  finally  bums  away.  When  the  sub- 
stance contains  a  metal,  it  leaves  an  ask  on  combustion. 
These  properties,  alone,  usually  suffice  for  the  detection  of 
carbon,  and  a  special  test  is  necessary  only  in  isolated  cases. 
When  such  a  test  is  required,  the  substance  is  mixed  with 
cupric  oxide,  and  the  mixture  introduced  into  a  tube  of 
difficultly  fusible  glass,  which  is  sealed  at  one  end,  and  con- 
nected at  the  other  with  a  tube  leading  into  baryta  water. 
The  mixture  is  then  ignited,  whereupon  the  carbon  becomes 
oxidised  by  the  cupric  oxide,  and  the  carbonic  acid  produces  a 
white  precipitate  of  barium  carbonate  in  the  baryta  water. 

As  we  have  already  said,  carbon  is  quantitatively  estimated 
by  conversion  to  carbonic  acid ;  hydrogen  by  conversion  to 
water.  The  oxidation  of  the  substance  for  this  purpose  is 
effected  by  a  special  process,  in  which  the  carbon  is  burned  to 
carbonic  acid,  the  hydrogen  to  water.  The  operation  is  therefore 
known  as  a  "  Combustion."  The  oxidising  agent  must  be  some 
substance  which  readily  parts  with  its  oxygen— cupric  oxide, 
lead  chromate.  The  combustion  is  made  in  a  tube  of  glass 
or  other  suitable  material,  and  the  carbonic  acid  and  water 
which  form  are  received  in  appropriate  apparatus.  Before 
taking  up  the  operations  of  analysis  it  will  be  well  to  explain 
the  preparation  and  use  of  the  oxidising  agent,  and  the  appar- 
atus used  for  the  combustion. 

The  Oxidising  Agent.  I.  Cupric  oxide, — This  reagent 
is  used  in  three  forms ;  either  as  a  light,  flocculent  powder,  in 
scales,  or  in  coarse  grains.  The  powder  is  used  chiefly  in  the 
combustion  of  solid  organic  substances,  where  an  intimate 
mixture  can  be  secured.  The  granular  preparation  and  that  in 
scales  are  more  generally  employed  in  the  analysis  of  liquids, 
but  also,  in  connection  with  the  powder,  in  the  analysis  of 
solid  substances. 
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Preparation  of  the  cupric  oxide, — Pulverulent  cupric  oxide 
is  obtained  by  dissolving  metallic  copper  in  hot  nitric  acid  and 
evaporating  to  dryness  in  a  porcelain  dish.  If  copper  scales 
are  employed,  they  are  mixed  to  a  paste  with  nitric  acid,  and, 
after  the  effervescence  has  ceased,  the  mixture  cautiously 
evaporated  to  dryness.  In  either  case,  the  dry  residue  is  next 
placed  in  a  Hessian  crucible,  and  the  latter  heated  in  a  furnace 
fire  until  the  cupric  nitrate  has  completely  decomposed.  The 
form  in  which  the  oxide  is  obtained  depends  upon  the  degree 
of  heat  at  which  it  has  been  prepared  :  if  the  temperature  was 
not  too  high,  it  is  left  in  a  light  flocculent  state,  and  is  easily 
reduced  to  powder ;  if  the  heat  was  very  great,  on  the  contrary, 
the  residue  will  be  a  hard,  caked  mass.  The  latter  preparation 
is  broken  up  and  passed  through  a  sieve,^  and  granular  cupric 
"oxide  thus  obtained.  It  is  prepared  in  the  flocculent  state 
by  the  ignition  of  copper  (copper  filings)  in  a  muflfle,  and 
subsequently  in  a  glass  tube  in  a  stream  of  oxygen. 

It  is  to  be  remarked  that  cupric  oxide,  especially  its 
powder,  is  exceedingly  hygroscopic,  and  requires  extreme 
caution  in  drying.  The  method  will  be  described  in  connection 
with  the  analysis  itsel£ 

As  the  combustion  of  the  carbon  and  hydrogen  takes  place 
at  the  expense  of  the  cupric  oxide,  the  latter  becomes  reduced 
to  metallic  copper.  When  the  analysis  is  finished,  a  current 
of  oxygen  may  be  led  through  the  tube,  and  the  metallic 
copper  again  oxidised.  The  regenerated  oxide  can  thus  be 
used  directly  for  the  next  determination.  If  ignition  in 
oxygen  is  not  employed,  the  reduced  copper  must  be  moistened 
with  nitric  acid  and  ignited  in  a  crucible.  The  first  method 
is  obviously  much  the  better. 

2.  Lead  chromate  is  used  in  the  same  manner  as  cupric 
oxide.  It  is  less  hygroscopic,  and  can  therefore  be  employed 
with  advantage  when  the  hydrogen  in  an  organic  substance 
must  be  determined  with  great  accuracy.  Cupric  oxide  cannot 
be  used  in  the  combustion  of  sulphur  compounds,  or  of  such 

^  The  sieves  are  made  of  metallic  boxes,  the  bottoms  of  which  are  filled  with 
holes,  the  diameters  of  which  vary  in  the  several  sieves.  Several  of  these  boxes 
are  placed  one  above  the  other,  in  the  order  of  the  size  of  their  perforations,  and 
the  top  one  covered  by  a  metallic  plate.  The  cupric  oxide  is  gradually  sifted 
from  one  box  to  another,  and  finally  obtained  in  different  grades  of  coarseness, 
from  a  fine  powder  to  large  granules.  Such  sieves  are  used  in  preparing  granules 
of  equal  size  of  cupric  oxide,  calcium  chloride,  pumice,  etc 
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salts  of  organic  acids  as  contain  alkali  or  alkaline  earth  metals 
(see  below) ;  these  substances,  therefore,  are  always  analysed 
by  means  of  lead  chromate.  As  lead  chromate  fuses  during 
the  operation,  a  much  more  perfect  combustion  is  obtained  by 
its  means  than  with  cupric  oxide  (without  oxygen). 

Preparation  of  the  lead  chromate,— A  lead  acetate  solution 
i^  precipitated  by  potassium  dichromate,  and  the  precipitate  at 
first  washed  by  decantation ;  it  is  then  collected  upon  a  linen 
strainer  and  the  washing  completed.  After  being  thoroughly 
dried,  it  is  placed,  in  small  portions,  in  a  Hessian  crucible  and 
fused.^  The  molten  salt  is  poured  out  upon  an  iron  or  stone 
plate ;  when  cold  it  assumes  a  steel-gray  colour.  It  is  next 
l^roken  up  and  powdered  in  a  mortar  (the  powder  is  reddish- 
yellow  or  reddish -brown).  Analyses  are  quite  frequently 
made  with  lead  chromate  which  has  first  been  fused  with 
one -tenth  its  weight  of  potassium  dichromate;  the  mixture 
fuses  more  readily  than  the  pure  salt. 

Commercial  lead  chromate  usually  contains  impurities 
which  render  it  unfit  for  analysis,  and  it  must  not  be  used 
imtil  its  purity  has  been  tested.  Eiethausen  and  K  Ljubawin 
have  both  found  that,  even  though  properly  prepared,  lead 
cliromate  gives  off  carbon  dioxide  when  heated.  The  latter 
chemist  recommends  igniting  the  salt  in  a  current  of  oxygen 
before  each  experiment. 

The  carbon  and  hydrogen  of  an  organic  substance  undergo 
combustion  at  the  expense  of  the  oxygen  of  the  chromic  acid. 
The  same  portion  of  lead  chromate  can  be  used  for  two  or  three 
analyses.  Old  lead  chromate  is  converted  to  a  state  suitable 
for  analysis  by  fusion  with  one-tenth  its  weight  of  potassiimi 
dichromate  (if  the  latter  has  not  already  been  added).  It  is 
still  better  to  pulverise  the  salt  and  moisten  it  with  nitric  acid 
before  igniting. 

§  166.  Combustion  Tnbes. — The  combustion  is  performed 
in  tubes  of  difficultly  fusible  (Bohemian)  glass,  which  have 
a  diameter  of  from  ^  to  |^  of  an  inch.  The  length  depends 
upon    the    nature    of   the    analysis ;    it  should    be   at   least 

^  Perrot's  gas  furnace  is  very  convenient  for  this  purpose,  the  fusion  being 
quickly  brought  about  by  its  use.  If  the  Hessian  crucible  be  new  a  portion  of 
the  molten  chromate  is  apt  to  pass  through  its  sides.  The  crucible  can  be  pre- 
vented from  cracking  by  allowing  it  to  remain  in  the  furnace  while  cooling ;  and, 
on  being  used  a  second  time,  will  be  impervious. 


45S  ANALYTICAL  CHEMLSTRY  or*;,  anal. 

twenty  inches.  A  piece  of  thoroughly  dry  and  clean  tubing 
is  slightly  roundefl  at  one  end,  to  permit  the  ready  insertion 
of  a  cork,  and  the  other  extremity  drawn  out  into  a  long, 
narrow  tail;  this  narrow  portion  is  then  twice  bent  into  a 
right  angle  and  the  tip  sealed  up.  The  first  bend  is  made  at 
the  jKjint  where  the  contraction  begins  ;  the  second  about  one 
or  one  and  a  half  inches  farther  along.  The  whole  tube  now 
has  a  form  somewhat  similar  to  a  bayonet.  The  glass  at  the 
Ijent  end  must  Ije  thin,  so  that  it  can  readily  be  broken  at 
the  close  of  the  combustion,  in  order  to  allow  the  passage  of 
a  current  of  oxygen.  Instead  of  this  bayonet-shaped  tube,  one 
is  sometimes  employed,  the  end  of  which  is  pulled  straight  out. 
The  tube  must  be  carefully  dried  by  drawing  air  through  it 
while  hot  before  each  analysis:  it  is  then  ready  to  be  filled 
with  the  combustion  agent. 

The  Combustion  Furnace. — The  combustion  furnace  con- 
sists of  a  long  narrow  gutter,  which  serves  to  support  the  tube 
in  which  the  combustion  is  performed,  and  which  can  be 
heated  along  its  entire  length  by  gas-burners.  The  gutter  is 
made  either  of  iron  (with  a  lining  of  calcined  magnesia)  or  of 
clay.  Two  rows  of  tiles,  which  extend  the  whole  length  of  the 
furnace,  and  on  both  sides  of  the  tube,  serve  to  reflect  the  heat 
and  thus  bring  the  upper  part  of  the  tube  to  a  high  tempera- 
ture. Each  burner  is  fitted  with  a  movable  rijig,  to  reduce 
the  supply  of  air  when  a  small  flame  is  employed.  They  are 
all  joined  to  a  single  cylindrical  tube,  wliich  is  attached  at 
Ixjth  ends  to  the  gas-pipe.^  In  making  an  analysis,  a  block 
is  placed  under  the  posterior  end  of  the  furnace,  so  that  the 
latter  inclines  slightly  toward  the  absorption  apparatus.  The 
furnaces  which  are  now  most  used  are  those  of  Erlenmeyer 
and  Glaser.     The  latter  furnishes  more  heat  than  the  former. 

Liehvfs  charcoal  furnace  is  a  long  narrow  box  of  sheet  iron.  The  com- 
bustion tube  is  supported  by  small  bridges,  which  rest  on  the  bottom  of 
the  box,  and  between  which  are  openings  which  supply  the  air.  In  the 
anterior  side  of  the  box  is  a  round  hole,  through  which  the  end  of  the 
tube  in  connection  with  the  absorption  apparatus  passes.  The  tube  is 
heated  by  red-hot  charcoaL  The  combustion  must  be  commenced  at  the 
open  end  of  the  tube,  and  to  secure  this  object  and  heat  the  different 

^  As  a  great  quantity  of  gas  is  consumed  in  combustions,  the  cock  through 
which  it  is  supplied  must  be  of  a  larger  calibre  than  suffices  for  an  ordinary 
burner. 
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portions  of  the  tube  in  succession,  the  latter  is  provided  by  iron  screens 
which  can  be  shifted  from  one  part  to  another.  The  charcoal  is  put  in 
gradually,  and  care  must  be  taken  during  the  operation,  lest  the  per- 
forations for  the  air  supply  become  choked  by  ashes.  The  charcoal  is 
heated  in  a  small  iron  box  fitted  with  a  grate,  and  the  sides  of  which  are 
filled  with  holes :  the  draught  is  increased  by  means  of  a  conical  iron 
cover. 

§  156.  When  the  combustion  is  over,  oxygen  is  passed 
through  the  still  red-hot  tube,  in  order  to  drive  any  carbon 
dioxide  which  remains  into  the  absorption  apparatus,  and  also 
to  oxidise  the  small  particles  of  carbon  which  may  otherwise 
escape  combustion ;  if  the  combustion  was  made  with  cupric 
oxide,  the  metallic  copper  which  has  formed  will  be  reoxi- 
dised  at  the  same  time. 

The  oxygen  is  generated  from  potassium  chlorate,  previ- 
ously fused  and  pulverised,  and  which  is  sometimes  mixed 
with  one- twentieth  its  weight  of  pure  manganese  dioxide.^ 
The  salt  is  placed  in  a  retort  of  difficultly  fusible  glass,  and  a 
piece  of  rubber  tubing  passed  over  the  neck  of  the  latter :  the 
free  end  of  the  tubing  is  inserted  in  a  gasometer  which  is 
filled  with  water.  The  retort  is  then  heated  by  a  naked 
flame,  whereupon  the  salt  fuses  quickly,  and  oxygen  escapes 
into  the  gasometer.  100  gr.  of  potassium  chlorate  can  gene- 
rate as  much  as  27  liters  of  oxygen.  The  gas  must  be  care- 
fully freed  from  moisture  and  impurities  (especially  carbon 
dioxide)  before  being  used. 

Apparatus  for  purifying  and  drying  tlie  oxygen, — The 
oxygen  is  purified  and  dried  by  passage  through  tubes  which 
are  filled  with  appropriate  substances.  So-called  U -tubes, 
fastened  to  a  permanent  support,  are  the  most  convenient  in 
form.  The  oxygen,  on  leaving  the  gasometer,  is  passed 
through  a  potash  bulb  (or  some  other  appropriate  bulb- 
apparatus)  which  is  filled  with  concentrated  sulphuric  acid ; 
and  then  through  a  tube  containing  either  pumice  soaked  in 
sulphuric  acid,  or  broken  glass  and  phosphoric  anhydride. 
The    gas    is    now    free    from    moisture;  its  carbonic  acid  is 

^  The  manganese  dioxide  to  be  used  in  preparing  oxygen  must  be  as  pure  as 
possible.  It  often  contains  carbon,  and  also  antimony  sulphide ;  and  ii  these 
substances  arc  present,  an  explosion  will  inevitably  occiu-.  The  potassium 
chlorate  must  also  be  tested  before  being  used,  as  it  often  gives  off  chlorine  on 
ignition.  If  this  be  found  the  case  with  the  salt  at  hand,  the  oxygen  must  be 
|mssed  through  milk  of  lime  before  its  collection  in  a  gasometer. 
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removed  by  passage  through  a  U-tube,  one  stem  of  which  is 
filled  with  solid  potassium  hydroxide,  the  other  with  soda- 
lime.  From  the  latter,  it  is  led  directly  into  the  combustion 
tube. 

The  drying  apparatus  is  prepared  as  follows.  Into  the 
curve  of  a  U-tube  is  placed  a  copper  spiral,  to  prevent  the 
drying  medium  from  choking  up  the  tube,  and  thus  blocking 
the  passage  of  the  gas.  A  plug  of  asbestos  (the  threads  must 
be  fairly  long)  is  then  placed  lightly  over  each  end  of  the 
spiral,  packing  being  avoided,  and  each  arm  of  the  tul^e  filled 
with  the  substance,  to  within  an  inch  and  a  half  of  the  top. 
The  substance  is  then  covered  by  layers  of  asbestos,  and  the 
tube  closed  by  corks,  which  are  fitted  with  bent  tubes  for  the 
introduction  and  escape  of  the  gas.  A  large  U-tube,  one  and 
a  half  feet  long  and  from  three-fifths  to  four-fifths  of  an  inch 
in  diameter,  will  last  for  a  long  time  (for  at  least  twenty 
analyses),  if  the  sulphuric  acid  in  the  bulbs  be  renewed  before 
each  experiment.  The  pumice  is  broken  into  small  pieces,  the 
dust  sifted  out,  and  the  lumps  remaining  soaked  in  sulphuric 
acid  and  ignited  in  a  Hessian  crucible.  They  are  then  soaked 
in  the  acid  again  and  placed  in  the  tube,  or  else  put  in  in  the 
dry  state  and  saturated  with  the  necessary  quantity  of  acid 
afterward.  The  sides  of  the  tube  must  be  well  wiped  before 
the  corks  are  inserted.  The  soda-lime  is  employed  in  the  form 
of  small  lumps ;  its  preparation  is  described  under  the  deter- 
mination of  Nitrogen,  §  167.  The  potassium  hydroxide  is 
used  in  sticks:^ 

If  a  current  of  air  is  to  be  led  through  the  combustion 
tube  during  the  analysis  (as  in  Marchand's  method,  and 
in  combustions  with  lead  chromate),  it  is  dried  and  purified 
with  the  same  apparatus. 

§  167.  Apparatus  for  absorbing  the  Water  and  Carbon 

Dioxide.  The  calcium  chloride  tube, — The  water  formed  by 
the  combustion  of  the  organic  substance  is  absorbed  by  calciimi 
chloride.  The  apparatus  in  which  the  latter  is  placed  has 
been  given  various  forms,  all  of  which,  however,  are  alike  in 
one  respect :  they  must  be  made  of  thin  glass,  to  avoid  as 

^  A  drying  apparatus  of  very  convenient  form,  and  also  a  new  combustion 
furnace,  have  recently  been  described  by  Glaser  (AnncU.  der,  chemie  und  FJumtu 
Suppl.  VII.  213). 
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much  unnecessary  weight  as  possible.  The  straight  calcium 
chloride  tube  is  of  fairly  large  diameter,  and  blown  at  one  end 
into  a  large  bulb ;  to  the  latter  is  fused  a  smaller  tube,  also 
widened  to  a  bulb  at  a  point  near  the  joint.  The  water 
formed  in  the  combustion  collects  in  this  smaller  tube,  the 
main  portion  of  the  apparatus  serving  merely  to  retain  the 
vapour  which  escapes  condensation.  The  arrangement  enables 
the  tube  to  be  repeatedly  used,  without  renewal  of  the  calcium 
chloride.  Another  form  is  the  so-called  U-tube.  The  small 
tube  with  the  bidb  is  fused  into  one  of  the  arms,  near  its 
mouth.  U -tubes,  connected  by  a  cork  with  the  bulb- tube 
in  which  the  water  condenses,  are  also  employed.  Such  a  form 
is  convenient  in  this  respect,  that  it  permits  one  to  employ  as 
long  a  tube  as  he  wishes ;  the  further  the  bulb  is  removed 
from  the  furnace,  the  more  complete  is  the  condensation  of 
the  water;  and,  consequently,  the  greater  the  durability  of 
the  calcium  chloride.  In  apparatus  of  the  first  form,  on  the 
other  hand,  the  tube  attached  to  the  bulb  must  necessarily 
be  short,  with  the  result  that  the  bulb  is  very  near  the 
furnace.  When  an  analysis  is  finished,  and  the  tube  and 
water  have  been  weighed,  the  condensed  water  is  removed  by 
holding  the  tube  vertically  and  gently  shaking  it  out. 

The  calcium  chloride  used  in  filling  the  tube  is  prepared 
by  evaporating  the  solution  obtained  by  the  action  of  hydro- 
chloric acid  upon  marble  (residue  from  the  carbon  dioxide 
generator).  This  solution  is  purified  by  adding  calcium  oxide 
until  the  reaction  becomes  slightly  alkaline,  filtering,  acidi- 
fying the  filtrate  with  hydrochloric  acid,  and  evaporating  to 
dryness.  The  evaporation  must  be  performed  over  an  open 
flame,  and  the  liquid  constantly  stirred  during  its  progress. 
The  dry,  white  residue  is  then  broken  up,  run  through  a  sieve 
(§  155,  footnote),  and  all  the  pieces  of  one  size  reserved.  To 
fill  a  straight  calcium  chloride  tube,  a  ball  of  wool  is  first  placed 
over  the  mouth  of  the  passage  between  the  two  bulbs,  and 
the  calcium  chloride  then  shaken  in :  the  salt  is  then  covered  by 
a  second  plug  of  wool,  and  the  tube  closed  by  a  cork  through 
which  passes  a  straight  tube  for  connection  with  the  potash 
bulbs.  To  fill  a  U-tube,  a  copper  spiral  is  placed  in  the 
curve,  covered  at  each  end  by  a  plug  of  wool,  and  the  tube 
then  filled  with  the  calcium  chloride;  more  wool  is  finally 
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inserted,  and  the  arm  into  which  the  bulb-tube  fits  closed  bv 
a  cork.  The  cork  must  be  sealed  with  sealing-wax  or  glue. 
A  gentle  suction  is  then  applied  to  the  filled  tube,  to  ascer- 
tain whether  the  air  can  find  a  ready  and  free  passage  through 
it.  To  convert  to  the  carbonate  the  calcium  oxide  which 
forms  on  evaporation  of  the  chloride,  a  current  of  well-dried 
carbon  dioxide  is  passed  through  the  tube  for  two  or  three 
hours,  and  the  apparatus  weighed  from  time  to  time.  The 
conversion  may  be  considered  complete  when  two  consecutive 
weighings  show  no  change.  Air  must  be  carefully  drawn 
through  the  tube,  before  each  weighing,  until  the  carbon  dioxide 
which  it  contains  has  been  removed.  The  tube  is  now  ready 
for  use.  To  prevent  absorption  of  moisture  from  the  air,  the 
ends  of  the  small  arms  are  covered  by  rubber  caps,  made 
from  pieces  of  rubber  tubing  in  which  are  inserted  bits  of 
glass  rod.  To  make  the  weighing  easier,  a  piece  of  wire  (of 
pure  silver  if  possible)  is  attached  to  the  tube,  and  the  latter 
suspended  by  a  loop  in  the  wire  to  the  hook  above  the  balance 
pan.     The  weighing  must  be  made  without  the  rubber  caps. 

Potash  bulb. — The  carbon  dioxide  is  absorbed  in  a  con- 
centrated solution  of  potassium  hydroxide.  The  necessary 
apparatus  is  now  given  one  of  two  forms :  that  "of  Liebig's 
potash  bulb,  or  that  of  Geissler's :  the  latter  is  a  modification 
of  the  first. 

2'Iie  Lidyi/fs  potash  bvlb  and  its  tise, — The  apparatus  con- 
sists of  five  bulbs,  which  lie  in  the  same  vertical  plane,  and 
are  connected  together  by  narrow  tubes.  From  the  two 
upper  bulbs,  of  which  one  is  considerably  larger  than  the 
other,  extend  tubes  by  which  to  attach  the  apparatus  to  the 
calcium  cliloride  tube  and  a  potash  tube  respectively.  WTien 
the  apparatus  has  been  filled  with  potassium  hydroxide  solution 
and  adjusted  in  a  slightly  oblique  position  (by  placing  a  cork 
under  one  of  the  three  lower  bulbs),  four  of  the  bulbs  and  the 
connecting  tubes  must  contain  the  alkali  A  large  absorption 
area  for  the  carbon  dioxide  is  thus  obtained,  with  a  compara- 
tively small  quantity  of  potassium  hydroxide,  and  the  weight 
of  the  complete  apparatus  being  also  slight.  The  exit  tube  of 
the  apparatus  is  connected  with  a  small  bulb-tube  which  tapers 
off  at  one  end,  and  the  straight  section  of  which  contains 
pieces  of  potassium  hydroxide  between  asbestos  plugs.     This 
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tube  is  joined  to  the  main  apparatus  by  a  cork  which  is 
thoroughly  sealed  in  with  sealing  wax.  The  tube  serves  to 
retain  the  aqueous  vapours  which  a  rapid  current  of  gas 
might  otherwise  carry  away  from  the  apparatus.  The  same 
end  is  sometimes  obtained  by  using  as  the  potash  tube  a 
U-tube  (or  some  other  form),  wliich  is  directly  connected 
with  the  bulb  (weighed  with  it  also).  The  potash  bulb,  when 
not  in  use,  must  be  kept  closed  by  rubber  caps,  which  are 
removed,  however,  during  the  process  of  weighing. 

The  potiish  bulb  is  filled  with  a  concentrated  solution  of 
potassium  hydroxide  (1  part  solid  KOH,  2  parts  water).  The 
solution  is  introduced  by  dipping  one  end  of  the  apparatus 
below  its  surface  and  gently  sucking  it  up  by  means  of  a 
rubber  tube  wliich  is  passed  over  the  other  end.  The  three 
lower  bulbs  must  be  completely  filled,  and  when  the  apparatus 
is  held  obliquely  (as  in  an  analysis),  and  a  current  of  air  blown 
through  it,  the  air  must  pass  through  the  three  lower  bulbs, 
and  also  the  last  one,  in  separate  bubbles.  The  last  bulb,  i.e., 
the  smaller  of  the  two  upper  ones,  must  not  be  more  than  hali' 
filled  by  the  solution  while  a  current  of  air  is  passing  through 
the  apparatus.  After  being  filled,  the  apparatus  must  be  carefully 
wiped  off  on  the  outside,  and  the  inside  of  the  tube  through 
which  the  solution  was  drawn  up  must  also  be  dried,  by  means 
of  a  twisted  slip  of  filter  paper.  For  convenience  in  weighing, 
it  is  provided,  like  the  calcium  chloride  tube,  with  a  looped 
platinum  wire.  If  the  potash  bulb  is  small,  it  should  be  filled 
anew  before  each  operation :  a  large  apparatus  may  be  used 
without  changing  the  solution,  until  about  one  gram  of  carbon 
dioxide  has  been  absorbed. 

The  Geissler's  hdb  is  only  a  modification  of  Liebig's 
apparatus,  likewise  consisting  of  five  bulbs  which  are  connected 
together  by  thin  tubes.  The  apparatus  rests  upon  its  three 
lower  bulbs.  It  is  also  provided  with  a  potash  tube.  The 
apparatus  is  filled  and  used  in  the  same  manner  as  the  Liebig's 
bulb. 

Mulder  has  proposed  the  absorption  of  carbon  dioxide  in 
a  tube  filled  with  soda -lime.  The  apparatus  is  prepared  as 
directed  in  §  156. 

§  158.  Weighing  of  the  Snbstance. — The  directions  given 
ill  §  139,  respecting  the  selection  of  the  sample  for  analysis, 
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also  pertain  tx)  organic  substances.  The  results  of  the  analysis 
cannot  be  considered  reliable  unless  it  has  been  ascertained 
that  the  sample  taken  was  perfectly  homogeneous.  The  purity 
of  solid  compoimds  is  best  examined  through  their  crystalline 
form  and  the  definiteness  in  tlieir  melting-points ;  that  of 
liquids,  through  the  constancy  which  they  exhibit  in  specific 
gravity  and  boiling-point  The  numerous  cases  in  which  the 
homogeneity  of  the  substance  must  be  tested  by  exceptional 
methods  cannot  be  here  considered. 

Solid  substances  should  be  weighed  in  thin  glass  tubes, 
which  are  supplied  with  stoppers.  As  we  have  explained  in 
§  139,  it  is  advantageous  to  know  the  weight  of  the  tube,  so 
as  to  be  able  to  judge  by  the  eye  the  quantity  of  substance  to 
be  poured  out.  The  weight  of  the  substance  taken  for  analysis 
is  learned  from  two  weighings ;  that  of  the  tube  when  filled, 
and  that  when  the  substance  has  been  taken  out.  The  length 
of  the  weighing  tube  depends  upon  the  manner  in  which  the 
substance  is  to  be  mixed  with  the  combustion  agent  (§  160). 
A\Tien  the  substance  is  to  be  introduced  directly  into  the 
combustion  tube,  it  should  have  a  length  of  from  twenty  to 
thirty  centimeters,  in  order  to  allow  its  insertion  as  far  as 
possible  into  the  latter. 

Liquids  are  weighed  off  in  thin  glass  bulbs,  which  are 
blown  from  a  thin  tube,  and  drawn  out  to  a  long  neck. 
They  must  be  small  enough,  to  slip  down  the  combustion  tube 
with  ease.  The  bulb  is  first  weighed  while  empty,  then  filled 
with  the  liquid  and  weighed  again ;  the  difference  between  the 
two  weighings  representing  the  substance  taken  for  analysis. 
The  substance  is  introduced  into  the  bulb  as  follows :  the 
empty  bulb  is  heated  over  a  gas-burner,  while  the  end  of  its 
neck  is  inserted  in  the  liquid.  The  air  within  the  bulb 
expands  and  is  partially  forced  out;  as  soon,  therefore,  as  the 
flame  has  been  taken  away  and  the  bulb  become  cool,  the 
liquid  will  be  drawn  up  into  it.  If  the  bulb  has  been  in- 
sufficiently filled  in  the  first  attempt,  it  should  be  heated  again 
very  cautiously  and  again  cooled  off.  When  enough  of  the 
liquid  has  been  drawn  up,  the  portion  which  remains  in  the 
neck  of  the  bulb  is  driven  into  the  bulb  itself  by  carefully 
heating  the  neck.  Tlie  latter  is  then  fused  and  drawn  apart, 
thus  closing  the  bulb.     It  must  not  be  forgotten,  in  weighing 
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the  filled  bulb,  to  also  place  the  detached  piece  of  the  neck  on 
the  balance  pan.  The  next  steps  will  be  described  in  the 
paragraphs  on  the  analysis  itself.  This  manner  of  weighing 
liquids  is  applicable  in  almost  all  instances,  i.e.,  for  all  liquids 
which  boil  between  30°-200°  C.  For  substances  which  are 
decomposed  by  heat,  or  boil  at  less  than  30°  C,  a  similar 
apparatus,  but  which  has  two  bulbs  instead  of  one,  is  employed. 
The  neck  having  been  dipped  into  the  liquid  and  the  upper  bulb 
slightly  heated,  the  liquid  is  drawn  up  into  the  lower  one, 
which  has  remained  cold.  Such  an  apparatus  is  especially 
convenient  in  weighing  very  volatile  bodies,  since  the  tem- 
perature of  the  upper  bulb  can  be  very  greatly  lowered  by 
moistening  it  with  ice  or  ether,  and  the  volatilisation  of  the 
liquid  thus  be  prevented.  Small  quantities  of  cupric  oxide  or 
lead  chromate  are  sometimes  placed  in  the  bulb.  When  filled 
with  a  highly  volatile  liquid,  the  bulb  must  be  sealed  by  a 
small  piece  of  wax  instead  of  by  fusion.  For  extremely  volatile 
substances  (which  boil  at  0°-15°  C.)  a  special  method  is  em- 
ployed, which  will  be  included  in  the  description  of  the  analysis. 
Liquids  with  a  boiling-point  higher  than  250°  C,  or  which  are 
non-volatile,  are  weighed  in  a  small  tube  sealed  at  one  end. 

If  the  analysis  is  to  be  made  in  a  combustion  tube  which 
is  open  at  both  ends  (Marchand's  method),  the  substance  is 
weighed  in  a  small  platinum  boat,  which  is  afterwards  pushed 
into  the  combustion  tube.  The  cases  in  which  this  method 
becomes  convenient  will  be  mentioned  below. 

Hie  quantity  to  he  weighed  off, — The  analysis  of  organic 
compounds,  in  its  present  state  of  elaboration,  contains  some  of 
the  most  accurate  of  all  analytical  methods.  The  combustion 
of  an  organic  substance  can,  with  very  few  exceptions,  be  com- 
pletely effected;  and  the  determination  of  the  products  of 
combustion,  the  water  and  carbon  dioxide,  by  absorption,  is 
remarkably  exact.  The  error  of  experiment  in  combustions 
with  cupric  oxide  is  about  —  0*2  per  cent  for  carbon  ;  for  water 
(owing  to  the  hygroscopicity  of  the  cupric  oxide)  it  is  about 
+  0*2  per  cent.  In  combustions  with  lead  chromate,  the  error 
is  the  same  for  carbon  and  somewhat  less,  about -h  0*1  per  cent, 
for  hydrogen.  The  exactness  of  the  methods  therefore  permits 
the  use  of  a  small  weight  of  the  substance.  This  quantity, 
with  substances  which  contain  the  average  amount  of  carbon 

2h 
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(30-40  per  cent),  should  be  about  0*3  gr. :  if  they  contain 
more  than  the  ayerage  amount,  only  0'25  gr.  need  be  taken. 
The  analysis  of  bodies  which  are  poor  in  carbon  (e^.,  which 
contain  many  other  elements— chlorine,  nitrogen,  etc.),  and  also 
of  the  salts  of  organic  acids,  requires  about  0*4  gr.,  in  certain 
cases  0*3  gr. 

GalcQlation  of  Analyses. — ^The  carbon  of  the  organic  sub- 
stance is  weighed  as  carbonic  acid ;  the  hydrogen,  as  water. 
Carbon  dioxide  contains,  in  44  parts  by  weight,  12  parts  by 
weight  of  carbon,  and  2  parts  of  hydrogen  are  contained  in 
18  parts  of  water.  Let  it  be  assumed  that  a  gr.  of  the 
organic  compound  were  employed  in  the  analysis,  and  decom- 
posed to  &  gr.  water,  and  e  gr.  carbon  dioxide : 

3 

The  quantity  c  of  carbon  dioxide  contains  ex—  carbon. 

„  6  of  water  „  -  hjdrogen. 


9 


or  expressed  in  percentage : 


^  ,  3-c    100 

Carbon     =  tt  x . 

11       a 

ir  A               h      100 
Hydrogen  =  -^  x . 

The  formula  of  the  compound  is  calculated,  and  a  check 
obtained  on  the  results,  in  the  manner  indicated  in  §  114.  In 
illustration  of  the  method,  let  us  assume  that  an  imalysis  has 
been  made  with  the  following  results ;  the  values  are  expressed 
in  percentage,  those  for  oxygen  being  found  from  the  diflference, 
(i.e.,  by  subtracting  the  sum  of  the  weights  of  the  remaining 
elements  from  100).  Opposite  the  percentage  weights  found, 
are  written  the  corresponding  eqxiivalent  quantities  of  the 
respective  elements  (§  114). 

Found. 

5*62 
Carbon  6*62  per  cent         , «   =  ^'^"^  "^  ^^ 

Hydrogen      030      „  =  030  =  1 H 

60*22 
Iodine  60*22      „  -—-  =  0*47  =  21 

25*57 
SUver  26-57      „  ^— =0-23=1  Ag 

Oxygen     _8:09  ?;^»  =  o-60=2O 

100-00       "  16 
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The  compound  consequently  has  the  empirical  formula 
C^HI^AgO,,  which  is  that  of  di-iodacetate  of  sUver.  The 
formula  having  once  been  calculated,  a  check  on  the  analysis 
is  obtained  by  comparison  of  the  theoretical  quantities  with 
those  obtained : 


Calculated. 

Found 

Cj!     24 

5-73 

5-62 

H        1 

0*23 

0-30 

I2    254 

60-62 

60-22 

Agios 

25-78 

25-57 

O2     32 

7-74 

■  •  • 

100-00 

It  should  be  stated  that  analysis  yields  only  the  simplest 
empirical  formula  of  an  organic  compound,  and,  owing  to  the 
numberless  cases  of  polymerism  which  occur  in  organic 
chemistry,  such  a  formula  can  denote  any  one  of  many  com- 
poimds.  The  molecular  formula  can  seldom  be  determined 
from  the  analytical  results,  but  usually  requires  special  and 
independent  methods. 


THE  ANALYSIS 

COMBUSTION  WITH  OTJPBIO  OXIDE  m  A  TUBE  SEALED 

AT  ONE  END 

This  method  of  analysis  is  applicable  only  to  bodies  which 
consist  simply  of  carbon,  hydrogen,  and  oxygen  (phosphorus). 
If  the  substance  contains  chlorine,  bromine,  iodine,  or  nitrogen, 
the  method  must  be  subjected  to  a  modification,  which  will  be 
described  later.  For  sulphur  compounds,  and  also  for  the 
organic  salts  of  the  alkaU  or  alkaline  earth  metals,  it  is 
inapplicable.  Other  salts,  such  as  those  which  leave  on 
ignition  a  metallic  oxide  or  metal,  but  not  a  carbonate,  can  be 
analysed  by  this  method. 

In  the  following  paragraphs  the  various  operations  are 
described  in  the  order  in  which  .they  are  performed  in  an 
analysis.^ 

^  In  passing  to  the  description  of  the  analytical  processes  it  may  be  remarked 
that,  while  following  the  same  general  plan,  each  analyst  introduces  slight  indi- 
vidual changes  in  the  minor  details  of  the  operations ;  on  the  other  nand,  the 
habit  of  holding  too  closely  to  these  details  results  in  his  often  overlooking  certain 
simple  conveniences.  Although  we  use  these  methods  ourselves,  wo  cannot 
guarantee  that  they  are  to  be  preferred  above  all  others. 
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A  tube  of  about  twenty  inches  in  length  is  prepared  accord- 
ing to  the  directions  in  §  155  ;  a  piece  of  rubber  tubing  is  then 
slipped  over  the  (unsealed)  bayonet  point,  and  the  tube  gently 
heated,  while  a  current  of  air  is  being  drawn  through  it.  When 
perfectly  dry,  the  bayonet  point  is  sealed  up  by  fosion,  and 
a  calcium  chloride  tube  attached  to  the  other  end  until  it  is 
ready  for  the  analysis. 

§  159.  Drying  of  the  Cnpric  Oxide. — Owing  to  the 
hygroscopic  nature  of  cupric  oxide,  the  reagent  must  be 
freshly  ignited  before  each  analysis. 

The  best,  and,  at  the  same  time  the  simplest  and  most 
convenient  manner  of  drying  the  cupric  oxide  consists  in 
igniting  the  preparation,  in  a  specially  constructed  tube,  in  the 
combustion  furnace  itself.  One  end  of  a  difficultly  fusible 
tube  is  gently  drawn  out  to  a  slight  taper,  to  permit  its  in- 
sertion into  the  combustion  tulje  later,  and  the  other  end 
narrowed  out  to  a  long,  thin  tail :  during  the  ignition  the  latter 
is  connected  with  a  drying  apparatus,  which  is  in  turn  attached 
to  a  gasometer,  and  a  current  of  air  led  through  the  tube. 
The  tail  of  the  tube  is  next  loosely  closed  by  a  plug  of  asbestos, 
and  the  cupric  oxide  introduced :  a  passage  for  the  steam  and 
gases  must  be  made,  by  tapping  gently  upon  the  tube  while  it 
is  held  in  a  horizontal  position*  The  tube  is  then  placed  in 
the  combustion  furnace,  connected  with  the  gasometer,  and 
brought  gradually  to  a  dark-red  heat,  proceeding  from  the 
posterior  (nearest  the  drying  apparatus)  to  the  anterior  end. 
After  the  whole  tube  has  been  kept  at  this  heat  for  fifteen 
minutes,  its  free  end  is  pushed  slightly  outside  the  fiimace, 
and,  as  soon  as  it  has  grown  cold,  is  closed  by  a  well-fitting 
cork,  and  the  heat  turned  offi  While  the  tube  is  cooling  its 
contents  must  be  exposed  only  to  the  dry  air  from  the 
gasometer.  When  cold  enough  to  bear  handling,  it  is  taken 
from  the  furnace  and  its  tail  sealed  up.  The  cupric  oxide 
should  be  mixed  with  the  organic  substance  while  still  wann.* 
This  method  is  especially  convenient  when  two  combustion 
furnaces  are  available.* 

^  What  is  not  needed  for  the  mixture  most  be  allowed  to  remain  in  the  tube. 

'  When  only  one  furnace  is  at  hand  the  method  is  less  convenient,  as  the 
time  required  tor  the  furnace  to  cool  after  the  if^ition  of  the  cupric  oxide  is 
greater  than  that  consumed  in  the  other  |)reparation  for  the  combustion :  the 
combustion  tube  cannot  well  be  laid  in  the  furnace  while  the  latter  is  still  hot, 
since  this  prerents  a  test  as  to  the  tightness  of  the  apiiaratus. 
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If  this  method  cannot  be  employed,  it  is  expedient  to 
ignite  the  cupric  oxide  in  a  covered  Hessian  crucible,  either  in 
a  stove  or  portable  furnace.  The  crucible  is  brought  to  a 
dark-red  heat,  and  the  oxide  transferred  to  the  filling  flask  or 
tube  while  still  hot.  The  filling  tube  should  be  wide,  sealed 
up  at  one  end,  and  tapered  at  the  other,  to  allow  its  passage 
into  the  combustion  tube.  A  flask  provided  with  a  long  neck 
is  sometimes  used  instead  of  a  tube,  the  mouth  being  likewise 
somewhat  narrowed  out  for  insertion  in  the  combustion  tube. 
The  oxide  is  poured  from  the  crucible  directly  into  the  filling 
tube,  the  latter  being  held  in  the  left  hand  (which  should  be 
protected  by  a  towel),  and  the  crucible  taken  up  with  a  good 
pair  of  tongs  by  the  right.  As  soon  as  the  mouth  of  the 
tube  has  grown  somewhat  cool,  it  must  be  closed  by  a  well- 
fitting  cork. 

Cupric  oxide  can  also  be  ignited  in  an  ordinary  crucible 
(of  platinum,  copper,  or  porcelain),  over  a  gas  flame ;  a  specially 
constructed  furnace,  however,  must  be  used,  in  order  to 
sufficiently  heat  the  preparation. 

The  operatio7is  to  be  ^performed  during  the  ignition  of  the 
cupric  oxide, — ^As  much  time  is  required  for  the  ignition  and 
cooling  of  the  cupric  oxide,  the  following  operations  may  be 
performed  in  the  meantime.  Before  the  drying  of  the  cupric 
oxide  is  undertaken,  the  cork  ^  by  which  the  calcium  chloride 
tube  is  to  be  connected  to  the  combustion  tube  is  placed  in  an 
air-bath  and  heated  to  100°  C.  The  cork  must  be  carefully 
selected,  and  must  have  no  cracks,  especially  those  running 
lengthwise  ;  it  must  also  surround  the  calcium  chloride  tube 
tightly,  and  some  force  must  be  required  to  push  it  into  the 
mouth  of  the  combustion  tube.  The  weighing  tube,  or  bulb, 
and  substance,  and  also  the  potash  bulb  and  calcium  chloride 
tube,  can  next  be  weighed.  The  rubber  caps  must  be  slipped 
over  the  ends  of  the  calcium  chloride  tube  again  after  the 
weighing.  The  cupric  oxide  will  by  this  time  be  cool  enough 
to  be  mixed  with  the  substance. 

§  160.  Mixing  the  substance  with  the  Oupric  Oxide. 
Solid    substances. — Solid    substances    are   mixed    with    the 

^  Excellent  corks,  selected  especially  for  analyses,  can  now  be  obtained  from 
the  dealers.  Black  rubber  corks  are  also  recommended,  but  as  I  have  had  no 
occasion  to  use  them  myself  I  cannot  pronounce  judgment  respecting  their 
suitability. 
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cupric  oxirie  either  in  a  mortar  or  in  the  combustion  tnbe 
ite^lf,  in  the  latter  case  bv  means  of  a  wire.  The  former 
methorl  effects  a  more  intimate  mixture,  and  is  especiallT 
advantageous  in  the  analysis  of  difficultlv  combustible  bodies ; 
it  w  open  to  the  objection,  however,  that  during  the  necessarily 
lon;^  operation  the  cupric  oxide  attracts  mriisture  from  the  air 
and  the  water-determination  consequently  ^^ecomes  more  inac- 
curate. The  mixture  is  more  quickly  effected  in  the  tube 
itself,  by  meaas  of  a  wire,  but  here,  at  the  same  time,  it  is  less 
perfect.  The  choice  of  the  method  to  be  employed,  therefore, 
must  be  jrovemed  bv  the  circumstances  of  the  analvsis. 

In  th^  nu/rtar. — ^The  mixture  is  effected  in  a  glazed  porce- 
lain mortar  which  has  prenously  been  slightly  warmed.  The 
dn'  combustion  tube  is  first  rinsed  out  with  cupric  oxide,  and 
then  fille^l  for  two  or  three  inches  at  its  posterior  end  with 
fresh  oxide.  It  is  then  fastened  to  a  support  in  an  upright 
jxisition,  and  a  small  copper  filter,  through  which  the  mixture 
is  to  be  introduced,  inserted  in  its  mouth.  The  mortar  is  like- 
wise rinsed  out  with  cupric  oxide,  a  layer  of  the  latter  placed 
in  the  }x>ttom,  and  the  substance  shaken  out  of  the  weighing 
tu>)e  up^m  this  layer  (the  removal  of  the  substance  from  the 
glass  must  be  carefully  effected,  as  the  latter  must  be  re- 
weighed  to  find  the  quantity  used).  The  two  are  then  quickly 
stirred  together  with  a  pestle,  and  the  mixture  poured  through 
the  funnel  into  the  tube.  Another  portion  of  cupric  oxide 
is  then  shaken  into  the  mortar,  stirred,  and  added  to  the 
first  p<^>rtion.  This  oj)eration  is  repeated  two  or  three  times, 
fis  much  haste  as  possible  Ixjing  used  throughout.*  The  funnel 
is  now  taken  out  of  the  tulx^,  and  the  latter  charged  with 
cupric  oxide  directly  from  the  filling  tube,  a  space  of  about 
two  inches  ]>eing  left  at  the  end.  A  layer  of  freshly-ignited 
asbestos  having  been  placed  over  the  cupric  oxide,  the  dry 
cork  is  taken  from  the  air-bath,  and  the  calcium  chloride  tube 
passed  through  it  and  connected  with  the  combustion  tube  (its 
other  end  still  being  protected  by  a  rubber  cap).  The  small 
quantity  of  cupric  oxide  in  the  bayonet  is  then  gently  shaken 

'  The  quantity  of  cupric  oxide  used,  including  tliat  emjiloyed  to  rinse  the 
mortar,  should  ordinarily  fill  from  four  to  five  inches  of  the  combustion  tube. 
Much  more  is  taken,  on  the  other  hand,  if  the  substance  undergoing  analysis  ia 
explosive,  in  order  to  distribute  the  body,  and  thus  avoid,  as  much  as  possible, 
the  chance  of  a  mishap. 
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down  into  the  tube  itself,  and  a  passage  secured  for  the  gases 
and  vapours  over  the  contents  of  the  tube,  by  gently  tapping 
the  apparatus  while  it  is  held  in  a  horizontal  position.  The 
tube  is  then  placed  in  the  combustion  furnace.  The  free  end 
of  the  calcium  chloride  tube  is  next  attached  to  the  potash  bulb 
by  a  piece  of  rubber  tubing,  in  such  a  manner  that  their  ends 
are  in  contact.  All  the  joints  having  been  bound  with  silk 
thread,  the  remaining  cap  of  the  potash  bulb  is  removed  and 
the  tightness  of  the  apparatus  tested.  For  this  purpose  either 
the  large  upper  bulb  (which  lies  next  to  the  combustion  tube) 
is  slightly  heated  by  a  gas  flame  or  a  piece  of  coal,  a  few 
bubbles  of  air  being  thus  driven  out  from  the  apparatus,  or  else 
the  air  is  slowly  sucked  out  through  a  piece  of  rubber  tubing 
attached  to  the  potash  bulb.  If  a  Liebig's  bulb  is  being  used, 
it  should  rest  on  all  three  of  its  lower  bulbs  (or  on  the  middle 
one)  during  the  test.  After  the  displacement  of  the  air  the 
liquid  must  assume  a  higher  level  in  the  larger  bulb  than  in 
the  smaller.  If  the  difference  in  the  two  levels  remains  con- 
stant for  some  time,  the  apparatus  may  be  considered  air-tight, 
and  the  combustion  commenced. 

Mixture  with  a  wire, — The  mixing  wire  is  made  from 
sufficiently  strong  copper  or  Grerman  silver  wire  (it  should  be 
about  one -eighth  of  an  inch  in  thickness),  and  at  one  end  is 
twisted  into  a  long  tapering  spiral.  The  combustion  tube 
having  been  rinsed  out  with  cupric  oxide,  the  mixture  is 
effected  as  follows :  a  layer  of  cupric  oxide  about  four  inches 
long  is  first  poured  into  the  tube.  The  weighing  tube  is  then 
cautiously  thrust  as  far  down  into  the  tube  as  possible,  and 
its  contents  shaken  out  upon  the  cupric  oxide  (it  must  be 
remembered  that  the  weighing  tube  is  to  be  reweighed,  and 
that  this  operation  must  therefore  be  carefully  perfonned). 
Another  portion  of  the  oxide,  somewhat  greater,  is  then  in- 
troduced, and  while  it  is  being  added  the  tube  is  twisted  around, 
to  detach  any  particles  of  the  substcmce  which  may  have 
adhered  to  its  sides.  The  wire  is  next  inserted  and  turned 
around  in  the  direction  of  its  spiral,  until  driven  well  into  the 
contents  of  the  tube.  It  is  then  screwed  about  in  each  direc- 
tion, and  at  the  same  time  moved  in  and  out,  until  the  sub- 
stance ceases  to  be  distinguishable,  an  indication  that  it  is  well 
distributed.     The  mixture  having  been  secured,  the  wire  is 
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(^uiifAn-Aj  withdrawn  and  run  rhrvcgh  a  f^inher  layer  of  capric 
oxidh,  t/>  remove  anv  subeUince  wLich  mav  Lave  adhered  lo  it. 
The  wire  L«  then  laid  aside,  the  rest  of  the  tube  ^ed  with 
cnpric  oxirle,  the  calciom  chloride  tube  attached,  etc^  as  in  the 
foregoing  case.  If  the  subetanc-e  has  been  mixed  with  pul- 
vernlent  cupric  oxide,  the  rest  of  the  tube  can  sometimes  be 
filWl  with  the  granular  preparation. 

LiquidJL — The  a^mbustion  tube  having  been  rinsed  out 
with  cupric  oxide,  a  layer  of  the  latter  from  two  to  four  inches 
long  is  placed  in  its  posterior  end,  and  the  weighing  bulb  then 
introrluce'l  in  an  upright  position.  The  manner  of  opening 
the  bulb  depends  upon  the  volatility  of  the  substance.  Usually 
''with  sulistances  the  boiling-point  of  which  lie  between  50^  C. 
and  150'  C.;,  the  neck  of  the  weighing  bulb  is  scratched  with 
a  file,  and,  the  bulb  being  held  within  the  combustion  tube,  is 
broken  off  at  the  scratch  by  pressure  against  the  edge  of  the 
tulxj  with  the  finger.  The  broken-ofif  end  is  dropped,  with  the 
bulb,  into  the  tube.  If  the  substance  is  very  volatile,  the  bulb 
(in  this  case  sealed  up  ^'ith  wax)  is  inserted  closed,  and  the 
8ulise^|uent  heat  allowed  to  melt  the  wax,  and  thus  permit  the 
vapourised  sul/stance  to  escape.*  When  filled  with  a  substance 
which  Ix^ils  at  a  temperature  higher  than  150^  C,  the  bulb  can 
Ix;  broken  by  being  thrown  with  some  force  against  a  small 
piece  of  glass  which  has  previously  been  dropped  into  the  tube. 
Whichever  method  is  employed,  the  free  portion  of  the  tube 
must  Ije  filled  with  granular  cupric  oxide  as  soon  as  possible 
after  the  introduction  of  the  substance.  The  remaining  pro- 
cesses are  as  Ixifore. 

§  161.  The  Combustion. — Having  ascertained  that  the 
apparatus  is  air-tight,  the  operator  can  now  proceed  with  the 
combustion,  beginning  at  the  anterior  end  of  the  tube.  If  the 
combustion  is  being  made  with  a  Liebig's  potash  bulb,  a  cork  is 
placed  under  the  lower  bulb  of  the  latter,  which  corresponds  to 
the  smaller  of  the  two  upper  bulbs,  so  as  to  give  the  apparatus 
an  inclined  position.  The  tube  is  first  heated  by  low  flames 
from  the  first  two  burners.  If  the  apparatus  has  been  well  put 
togetlier,  the  level  of  the  liquid  in  the  potash  bulb  should 
commence  to  change   as   soon  as  the  combustion  has  begun. 

'  Tho  analysis  of  very  volatile  substances  will  be  further  discussed  in  the 
paragraph  on  analyses  in  an  open  tube. 
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The  successive  burners,  beginning  at  the  anterior  end  of  the 
furnace,  are  slowly  and  cautiously  lighted,  one  by  one,  each 
new  flame  being  at  first  kept  low  (if  the  operation  be  has- 
tened, the  tube  is  almost  sure  to  crack).  As  fast  as  a  section 
of  the  tube  becomes  heated,  it  is  covered  with  a  tile.  When 
the  front  portion  has  attained  a  red  heat,  that  which  holds  the 
substance  being  still  cold,  the  last  burner  is  lighted  and  the 
heat  gradually  extended  along  from  this  end  also,  the  corre- 
sponding tiles  being  placed  in  position  at  the  same  time.  The 
real  combustion  now  begins.  Its  course  can  be  judged  by  the 
rapidity  with  which  the  gas  bubbles  pass  through  the  potash 
bulb.  So  long  as  these  can  be  counted  the  combustion  is  pro- 
ceeding properly ;  if,  on  the  contrary,  they  begin  to  pass  too 
quickly  to  be  counted  the  heat  is  too  great,  and  the  portion  of 
the  tube  containing  the  substance  must  be  cooled  off,  either  by 
throwing  back  the  tiles  or  turning  the  gas  off  entirely.  As 
soon  as  the  normal  flow  has  returned  the  heat  is  again  increased. 
Care  must  be  taken  during  the  combustion  that  no  water  con- 
denses in  the  tube  about  the  cork  connecting  the  latter  with 
the  absorption  apparatus ;  should  this  occur,  it  must  be  care- 
fully driven  over  by  an  ordinary  burner  (great  caution  must  be 
taken  not  to  burn  the  cork).  The  entire  tube  slowly  reaches 
a  bright -red  heat,  and  the  rapidity  with  which  the  bubbles 
pass  gradually  diminishes,  until  at  last  no  more  are  caused. 
The  potash  bulb  must  now  be  carefully  watched.  At  the  end 
of  the  combustion  the  air  has  been  entirely  displaced  from  the 
tube  by  carbon  dioxide,  and  as  the  latter  becomes  absorbed  in 
the  alkali  the  liquid  may  be  sucked  back,  not  only  into  the 
upper  bulb,  but  even  into  the  calcium  chloride  tube.  If  a 
liebig's  bulb  is  being  used,  this  danger  can  be  prevented  by 
placing  the  cork  on  which  the  apparatus  rests  under  the 
opposite  lower  bulb  (the  one  which  corresponds  to  the  larger 
upper  bulb).  This  renders  it  possible  for  the  air  to  enter  the 
tube,  and  the  operator  can  therefore  cautiously  commence  to 
turn  off  the  heat,  beginning  at  the  posterior  end  and  hav- 
ing first  thrown  back  the  tiles.  As  soon  as  the  tail  has 
become  sufficiently  cool,  a  piece  of  rubber  tubing  is  passed 
over  it  for  the  introduction  of  the  oxygen,  and  its  end  crushed, 
either  between  the  fingers  or  with  a  pair  of  pliers.  Immediately 
after  the  current  of  oxygen  has  been  turned  on,  the  potash 
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bulb  must  again  be  given  the  position  which  it  had  during  the 
combustion.  If  a  Geissler's  bulb  be  employed,  and  the  larger 
bulb,  which  must  exceed  in  capacity  that  of  all  the  lower  ones 
together  (attention  must  be  paid  to  this  point  in  purchasing 
the  apparatus)  is  filled,  access  of  air  is  secured  to  the  tube  at 
the  end  of  the  combustion  without  a  change  in  the  position  of 
the  potash  bulb  being  necessary.  If,  on  the  contrary,  the  large 
bulb  has  too  small  a  capacity,  the  oxygen  must  be  passed 
through  as  quickly  as  possible  after  the  heat  has  been  turned 
off,  since  the  alkali  will  otherwise  recede  into  the  calcium 
chloride  tube.  The  oxygen  drives  all  the  carbon  dioxide 
remaining  in  the  combustion  tube  into  the  potash  bulb.  Its 
flow  can  be  stopped  as  soon  as  its  escape  from  the  potash  tube 
can  be  detected  by  a  glowing  match. 

If  the  combustion  is  made  in  a  charcoal  furnace,  the  process  is  as 
follows  :  a  screen  is  placed  round  the  tube  at  a  short  distance  from  the 
anterior  end  of  the  furnace,  and  the  intervening  section  is  then 
surrounded  by  glowing  pieces  of  charcoal.  As  soon  as  this  portion  has 
become  hot,  the  screen  is  moved  further  along  and  more  charcoal  added. 
When  a  sufficiently  long  section  of  the  tube  has  become  red-hot,  a  second 
screen  is  placed  near  its  posterior  end,  and  this  section  also  ignited,  as 
when  a  gas  furnace  is  used.  The  heat  is  then  gradually  extended  toward 
the  substance  from  each  side.  The  perforations  in  the  bottom  of  the 
furnace  must  be  watched  throughout  the  combustion,  to  see  tbat  they  do 
not  become  choked  by  ashes  and  the  draught  thus  be  shut  off.  Fresh 
coals  must  be  continually  added,  and  if  necessary,  the  heat  increased  by 
means  of  a  pair  of  bellows.  In  other  regards,  such  as  observance  of  the 
process  of  combustion,  the  indications  that  it  is  finished,  the  displacement 
by  oxygen,  etc.,  combustions  with  charcoal  are  exactly  like  those  made 
in  a  gas  furnace. 

When  the  analysis  is  finished,  the  absorption  apparatus  is 
carefully  taken  apart,  wiped  off,  and  the  oxygen  which  it  con- 
tains displaced  by  air.  The  rubber  caps  ai*e  then  slipped 
over  the  tubes,  and  the  apparatus  taken  into  the  balance 
room.  When  it  has  attained  the  same  temperature  as  the 
latter,  or  in  about  a  quarter  of  an  hour,  the  two  pieces  are 
weighed.     The  rubber  caps  must  first  be  removed. 


COMBUSTION  WITH  LEAD  CSROHLATE  IN  A  TUBE 

SEALED  AT  ONE  END 

§  162.  The  advantages  which  the  use  of  lead  chromate  in 
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analyses  possesses  over  that  of  copper  oxide  have  already  been 
mentioned.  Owing  to  its  very  slight  hygroscopicity  it  can  be 
obtained  in  a  thoroughly  dry  state,  and  therefore  aflbrds  much 
more  accurate  results  in  the  determination  of  water.  The 
combustion  of  bodies  of  the  following  classes  must  be  made 
with  lead  chromate,  as  in  these  cases  the  results  obtained  with 
cupric  oxide  are  very  unreliable.  In  the  analysis  of  com- 
pounds containing  sulphur,  the  latter,  when  ignited  with  cupric 
oxide,  is  converted  to  sulphur  dioxide,  which  becomes  absorbed 
in  both  the  potash  bulb  and  the  calcium  chloride  tube,  and 
the  results  obtained  for  both  carbon  and  hydrogen  are  thus 
affected.  If  the  combustion  be  made  with  lead  chromate,  on 
the  contrary,  the  sulphur  is  held  back  as  lead  sulphate,  which 
is  stable  at  a  high  temperature.  Another  case  in  which  lead 
chromate  must  be  employed  is  in  the  analysis  of  organic  salts 
of  the  alkali  and  alkaline  earth  metals.  The  use  of  cupric 
oxide  is  here  prevented  by  the  fact  that  among  the  products 
of  com])ustion  the  carbonates  of  these  metals  are  formed,  and 
can  either  l>e  only  partially  decomposed,  or,  at  the  temperature 
which  the  tube  reaches,  remain  entirely  unaffected.  Such 
substances  are  ignited  with  lead  chromate  which  has  been 
mixed  with  one-tenth  its  weight  of  potassium  dichromate,  the 
excess  of  chromic  acid  in  the  latter  completely  displacing 
the  carbonic  acid  in  the  carbonates.^  In  exceptional  cases, 
where  perfect  combustion  is  only  diflBcultly  effected,  lead 
chromate  and  cupric  oxide  can  be  employed  simultaneously. 
When  this  method  is  to  be  resorted  to,  the  substance  is  mixed 
only  with  the  lead  chromate,  and  the  anterior  half  of  the  tube 
filled  with  cupric  oxide  (preferably  in  the  granular  form). 

The  length  and  shape  of  the  tube  used  in  combustions 
with  lead  chromate  is  the  same  as  that  employed  with  cupric 
oxide. 

Drying  of  the  lead  chromate. — The  finely-pulverised  salt  is 
heated  for  fifteen  minutes  in  a  porcelain  or  iron  dish  over  a 
gas  flame,  and  with  continual  stirring  by  means  of  a  glass  rod. 
As  the  yellow  powder  grows  hot  it  becomes  gradually  darker 

^  The  combustion  of  these  salts  is  now  sometimes  performed  with  ouprio 
oxide  ;  the  potash  bulb  having  been  weighed,  the  quantity  of  carbon  dioxide 
remaining  combined  with  the  metal  in  the  tube  is  calculated  and  added  to  the 
weight  of  that  absorbed  in  the  bulb.  This  method,  however,  is  less  accurate 
than  the  combustion  with  lead  chromate. 
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and  'Urkrr  :  Trh.en  che  wa^ife  ulisb  has  aa^iiinai  an  even,  coffee- 
brown  ziiiZ  the  T?ame  ia  remijveii,  and  the  -lish,  after  having 
coole«l  off  a  little,  L»  place:  cnder  a  bell -jar  over  sulphuric 
acid-  The  mixtare  wi:h  the  anbetance  should  be  made  while 
the  chromate  is  r/sirelv  warm. 

The  anbetanoe  is  weighe«i  off  while  the  lead  chromate  13 
cfjfAin^  Kespecting  the  other  operations,  the  tnbe  is  rinsed 
out :  the  nuxtare  effectal ;  the  tightness  of  the  apparatns 
tested,  in  the  manner  already  described  in  the  foregoing  para- 
graphs. Caution  must  be  uae«l  not  to  heat  the  tube  too 
strongly  at  first :  and,  except  at  the  end  of  the  combustion, 
the  chromate  must  not  be  brought  into  fasion,  as  the  surface 
presented  for  the  oxidation  of  the  still  incompletely  decomposed 
products  will  so  be  reduced,  and  therefore  the  combustion  itself 
be  less  thorongh.^  At  the  clrjge  of  the  combustion,  however, 
the  heat  is  increased  until  the  chromate  is  well  fused,  and  the 
operation  then  interrupted.  In  the  analysis  of  salts,  finally, 
some  patience  is  required  in  waiting  for  the  end  of  the  opera- 
tion, since  the  last  traces  of  carbonic  acid  give  way  very 
slowly  to  the  chromic  acid.  If  the  combustion  was  complete, 
the  iwe  of  a  current  of  oxygen  is  superfluous,  and  the  gas  can 
be  replaced  by  air,  as  it  serves  merely  to  drive  the  carbon 
dioxide  remaining  in  the  tube  into  the  absorption  apparatus. 


DETESiaHATIOH   OF   CARBOH  AHB  HTDfiOGEH  DT    8UB- 
STAHCES  WHICH  COHTAIK  HITBOOEH  OB  HALOOSHS 

§  163.  To  determine  carbon  and  hydrogen  in  substances 
which  contain  nitrogen  or  the  halogens,  a  slight  modification 
must  be  introduced  into  the  method  above  explained.  The 
combustion  of  haloid  compounds  results  in  part  in  the  libera- 
tion of  the  halogens  themselves,  which  affects  the  accuracy  of 
Ixith  the  carbon  and  water  determinations.  Nitrogenous  sub- 
stances give  off  nitric  oxide,  and  as  the  latter  is  absorbed  by 
potassium  hydroxide,  it  will  render  the  results  for  carbon  too 

'  Caution  Is  required  at  this  point  for  another  reason  :  if  the  lead  chromate 
has  once  }ffjin  fu.sed,  the  heat  cannot  he  decreased  without  cansing  the  tabe  to 
crack  and  thus  th^  h^ss  of  the  analysis.  In  learning  the  method,  therefore,  the 
student  «hotild  rnaki;  hln  fir«t  combustions  with  the  pure  and  difficultly  fbunble 
lead  chromate,  instead  of  its  mixture  utith  [lotassium  aichromate. 
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high.  These  errors  are  avoided  by  the  use  of  metallic  copper, 
which  unites  with  the  halogens  to  form  haloid  salts,  and,  when 
in  a  state  of  ignition,  decomposes  nitric  oxide  with  formation 
of  free  nitrogen  and  cupric  oxide.  The  metallic  copper  is  best 
employed  m  the  form  of  plugs. 

Preparaiion  of  the  copper  plttgs, — Copper  filings  have,  until 
recently,  been  resorted  to,  but  the  pure  metallic  netting  which 
can  now  be  readily  obtained  is  much  more  convenient.  The 
copper  employed  for  the  plugs  must  be  pure  and  lustrous. 
To  prepare  them,  pieces  of  the  netting  about  four  inches  long 
and  one  wide  are  cut  out  and  rolled  compactly  about  a  thin 
tube,  the  diameter  of  which  must  be  governed  by  that  of  the 
combustion  tube ;  the  plugs  must  entirely  fill  out  the  latter. 
When  thus  prepared  the  netting  is  superficially  oxidised  by 
ignition  (which  also  destroys  the  coating  of  grease  always  found 
on  copper  netting).  The  oxidised  plugs  are  then  placed  in  an 
open  tube  and  reduced  in  a  current  of  hydrogen.  The  tube, 
one  end  of  which  is  somewhat  drawn  out,  is  connected  at  the 
other  end  with  a  hydrogen  generator,^  and  placed  in  a  com- 
bustion fumaca  When  the  air  in  the  tube  has  been  com- 
pletely displaced  by  hydrogen  (in  10-15  minutes)  heat  is 
applied,  beginning  at  the  open  end,  and  finally  extended  the 
whole  length  of  the  tube,  the  flow  of  hydrogen  being  main- 
tained throughout.  As  soon  as  the  reduction  has  been 
accomplished  (its  completion  is  easily  seen),  the  flames  are 
gradually  extinguished,  and  the  tube  allowed  to  cool  in  the 
atmosphere  of  hydrogen.  The  plugs  are  preserved  in  a  vessel 
provided  with  a  ground  glass  stopper.  Thus  prepared  they 
can  be  used  only  once,  and  must  be  reduced  again  before  a 
new  analysis.^ 

Instead  of  the  above  plugs,  metallic  copper  which  has 
been  prepared  by  the  reduction  of  granular  cupric  oxide  may 

^  The  hydrogen  is  obtained  by  the  action  of  dilute  sulphuric  acid  upon  zinc. 
(1  part  H2SO4,  5  parts  H3O).  It  is  dried  by  passage  through  a  Wolrs  bottle 
containing  concentrated  sulphuric  acid  and  then  led  directly  into  the  tube. 

'  Since,  when  reduced  in  hydrogen,  the  plugs  alwajrs  occlude  traces  of  the  gas, 
it  is  advantageous,  in  making  an  exact  determination  of  the  hydrogen  in  an 
orffanic  compound,  to  further  subject  them  to  ignition  in  an  atmosphere  of  formic 
acid. 

It  has  recently  been  proposed  to  use  silver  instead  of  copper  plugs  in  the 
analysis  of  bodies  containing  halogens.  These  are  prepared  by  windinc^  silver 
wire  tightly  over  a  rod  and  then  drawing  the  spiral  out.  Silver  obtained  by  the 
reduction  of  the  chloride  by  zinc  can  also  be  employed. 
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be  used  with  e^inal  a^h-antage.     It  is  made  ready  and  pre- 
served in  the  same  manner  as  the  plugs. 

The  analysis  of  organic  substances  which  contain  nitrogen 
or  a  halogen  requires  a  tube  &om  twenty-four  to  twenty-eight 
inches  long.  This  is  prepared  in  the  manner  already  described, 
except  that  after  the  mixture  has  been  effected  it  is  filled  with 
cupric  oxide  only  to  within  about  five  inches  &om  the  end. 
Tliree  or  four  of  the  copper  plugs,  which  have  been  dried  at 
100""  C,  shortly  before  the  analysis,  are  placed  in  the  remaining 
spaca  The  course  of  the  analysis  is  not  at  all  changed,  but 
care  must  be  given  that  during  the  combustion  the  plugs  are 
kept  at  a  re<l  heat  Wlien  the  oxygen  is  passed  through  the 
tube  at  the  close  of  the  analysis  the  fiames  below  the  plugs 
must  be  turned  out  and  the  tiles  thrown  back,  to  prevent  un- 
necessary oxidation  of  the  copper  halogeuides,  in  case  haloid 
substances  are  being  analysed;  or,  in  general,  of  the  plugs 
themselves,  which  will  otherwise  soon  become  unfit  for  use. 

OOMBUSTIOH  DT  AH  OPEN  TUBE 

§  164;  When  the  substance  to  be  analysed  is  non-volatile, 
like  fat  or  coal,  the  combustion  can  be  made  in  an  open  tube, 
by  the  method  projx^sed  by  Marchand.  This  method  is  also 
sometimes  used  (when  but  little  of  the  substance  is  at  hand) 
in  the  analysis  of  the  salts  of  organic  acids ;  its  convenience  in 
such  cases  lies  in  the  fact  that  the  carbon,  hydrogen,  and 
metal,  can  all  be  determined  by  one  operation.  We  also  give 
the  modification  of  the  method  by  which  it  can  be  employed 
in  analysing  very  volatile  substances.  The  process  is  not 
genenilly  aj^xjlicable,  since  with  readily  volatile  or  easily 
distilled  substances  loss  cannot  be  guarded  against  The 
Tdiiwm  for  this  will  be  explained  later. 

The  combustion  is  made  with  cupric  oxide  or  lead  chromate, 
the  choice  depending  upon  the  compoimd  to  be  analysed,  and 
Ixiing  subject  to  the  rules  already  enumerated.  Two  gasometers, 
one  filled  with  air,  the  other  with  oxygen,  are  required.  The 
air  is  conducted  through  the  tube  during  the  main  period  of 
the  analysis ;  the  oxygen,  only  at  its  end,  as  in  the  foregoing 
method.  The  two  gases  must  be  dried  before  passing  into  the 
tul>e.     For  this  iJuri)ose  only  one  drying  apparatus  is  required. 
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both  gasometers  being  attached  to  it  by  means  of  rubber  tubing 
and  a  so-called  T-tube. 

The  process  of  comhisHoTL — ^A  tube  of  from  twenty-five  to 
twenty -eight  inches  in  length  is  selected,  and  its  edges  well 
rounded  by  fusion.  At  a  point  about  two  inches  from  one 
end  is  placed  a  layer  of  asbestos  (if  the  substance  contains  a 
halogen,  copper  plugs  are  employed).  The  first  step  in  the 
analysis  is  the  drying  of  the  cupric  oxide.  The  tube  is  filled 
with  the  oxide  to  within  about  20  cnL  from  the  other  end, 
laid  in  the  combustion  furnace,  and  corks,  through  which 
pass  glass  tubes,  are  inserted  in  each  end.  One  of  these  tubes 
is  then  connected  with  the  air -gasometer.  The  section  of 
the  combustion  tube  which  contains  the  cupric  oxide  is  next 
gradually  heated  to  redness,  and  finally  allowed  to  cool  in  a 
current  of  diy  air.  During  this  time  the  absorption  apparatus 
can  be  weighed.  When  the  cupric  oxide  has  grown  cold,  the 
connection  with  the  gasometer  is  broken,  the  absorption 
apparatus  brought  into  connection  with  the  anterior  end  of  the 
tube,  and  a  platinum  or  porcelain  boat  containing  the  substance 
inserted  into  the  posterior  end.  The  boat  is  pushed  in  nearly 
to  the  layer  of  asbestos  by  means  of  a  rod,  and  one  or  two 
oxidised  copper  plugs  placed  behind  it.  The  tube  is  then 
connected  with  the  air-gasometer,  the  tightness  of  the  apparatus 
tested,  and  a  slow  current  of  air  turned  on.  The  anterior 
portion  of  the  tube  is  next  heated  to  dull  redness,  the  posterior 
end  gradually  warmed,  and  the  heat  finally  extended  to  the 
boat.  The  combustion  must  be  carefully  conducted,  and  its 
rapidity  closely  watched  by  means  of  the  bubbles  passing 
through  the  first  bulb  of  the  potash  apparatus.  As  soon  as 
the  contents  of  the  boat  have  volatilised,  or  when  only  carbon, 
the  combustion  of  which  cannot  be  effected  in  an  atmosphere 
of  air,  remains,  the  current  of  the  latter  is  replaced  by  one  of 
oxygen.  The  analysis  may  be  considered  finished  when  the 
oxygen  begins  to  escape  from  the  potash  bulb. 

If  a  metallic  salt  is  being  analysed,  both  the  absorption 
apparatus  and  the  boat  must  be  weighed,  in  order  to  determine 
not  only  the  carbon  and  hydrogen,  but  also  the  metal  (the 
latter  may  be  left  as  carbonate,  oxide,  or  in  the  metallic  state, 
according  to  the  nature  of  the  salt). 
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Thw  method  in  obTion*lT  very  convenient  in  one  respect ;  a  seoond 
cr/mbustion  can  be  made  directlr  after  the  fint,  piovided  onlj  that  other 
aW/rptkm  apparatus  u  at  hand.  It  is,  nerertheless,  companUiTelT  xarelT 
k^/tuA  Ujf  one  oljjection  to  its  use  being  that  the  current  of  gas  passes 
rtrj  qnicklj  thrr>a^  the  potash  bulb,  and,  carrying  avaj  traces  of  moi»- 
tore  which  escape  retention  in  the  safety  tube,  causes  a  loss.  The 
rapidity  of  the  current  of  air  or  oxygen  is,  on  the  other  hand,  in* 
taffieient  to  prereni  bodies  which  are  very  volatile,  or  capable  of  distillation, 
from  condensing  in  the  end  of  the  tnbe  nearest  the  gasometers,  and  as  the 
er/n/lensed  traces  escape  combustion,  loss  ensues  from  this  cause  as  welL 
The  method  is  expedient,  however,  in  the  instances  cited  at  the  beginning 
of  this  paragraph. 

Clo^  has  proposed  to  use  an  iron  tube  instead  of  one  of  glass  in  this 
method,  and  has  also  introduced  some  variations  in  the  process.  For  a 
full  description  of  his  method  we  must  refer  to  the  original  article  (Annales 
de  Chimit  et  de  Phamuicie,  T.  68,  p.  394;. 

When  employed  for  the  analysis  of  very  volatile  substances 
this  method  must  be  subjected  to  the  following  modifications. 
The  combustion  tube  is  prepared  as  iLsual  in  Marchand's  process. 
The  substance  is  introduced  into  a  thin  U-tube,  the  ends  of 
which  are  bent  at  right  angles  to  the  main  direction  of  the 
limbs.  The  quantity  taken  of  the  substance  is  found  from  two 
weighings ;  one  of  the  empty  tulje,  the  other  after  it  has  been 
filled  (and  its  ends  sealed  up).  The  filled  tube  is  connected 
by  means  of  a  cork  or  piece  of  caoutchouc  tubing  to  the  com- 
bustion tube.  The  cupric  oxide  Ls  then  ignited,  as  before,  and 
when  it  has  reached  a  dull-red  heat,  the  end  of  the  U-tube  is 
broken  oflF  by  gently  crushing  it  against  the  side  of  the  com- 
bustion tube.  To  prevent  the  too  rapid  volatilisation  of  the 
substance  it  should  at  first  be  surrounded  by  ice  or  water, 
which  toward  the  end  of  the  operation  is  removed,  and  the 
U-tul>e  then  very  cautiously  heated  with  a  flama  As  soon  as 
all  the  contents  of  the  U-tulje  have  evaporated,  its  free  end  is 
broken  off  and  connected  with  a  gasometer,  and  the  combustion 
finished  in  a  current  of  oxygen. 


DETERMINATION  OF  CARBON  AND  HYDROGEN  BY 

EOPFER'S  METHOD 

The  results  obtained  by  the  methods  just  described  are  not 
always  satisfactory  when  the  substance  under  analysis  is  a 
difficultly  combustible  body,  such  as  the  solid  aromatic  carbo- 
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hydrates  or  the  albuminoids.  Kopfer's  method  is  especially 
adapted  to  the  analysis  of  such  compounds,  though  also  applic- 
able in  ordinary  cases,  and  contains  many  points  of  advantage, 
both  in  convenience  and  accuracy.  The  combustion  is  effected 
in  oxygen  in  an  open  tube,  by  means  of  platinised  asbestos,  or 
asbestos  which  has  been  well  shaken  with  platinum  black  in  a 
vessel  provided  with  a  glass  stopper.  The  furnace  used  has  a 
peculiar  form,  consisting  of  two  iron  boxes  or  sections.  The 
anterior  section,  in  which  the  substance  is  heated,  is  provided 
with  a  movable  burner  which  can  be  pushed  along  in  a  slit 
below  the  tube.  The  second  contains  three  fixed  burners, 
which  fall  below  the  greiiter  share  of  the  platinised  asbestos. 
The  combustion  tube  is  about  twenty  inches  long  and  fairly  large 
in  diameter.  At  a  point  about  two  inches  from  one  end  is 
placed  an  asbestos  plug  wound  about  with  platinum  wire,  and 
followed  by  twelve  inches  of  the  mixture  of  platinum  and 
asbestos.  Another  asbestos  plug,  fitting  somewhat  more  tightly 
than  the  first,  is  then  inserted,  and,  after  the  introduction  of 
the  platinum  boat  containing  the  substance,  the  tube  is  closed 
by  a  third  plug.  It  is  then  placed  in  the  furnace,  and  the 
portion  lying  in  the  posterior  box  protected  by  a  double 
wrapping  of  wire  gauze,  while  that  in  the  first  section  rests 
in  a  trough  of  the  same  material  Ordinary  absorption  appa- 
ratus can  be  used.  At  its  anterior  end  the  tube  is  connected 
with  a  drying  apparatus  and  oxygen  gasometer,  from  which 
it  is  first  filled  with  oxygen.  The  current  of  the  gas  is 
then  regulated  so  that  two  bubbles  pass  the  absorption 
apparatus  per  second,  and  the  burners  finally  lighted.  The 
movable  flame  is  first  placed  in  front  of  the  boat,  and  gradually 
pushed  along  imtil  it  stands  directly  beneath  it.  The  greater 
part  of  the  substance  now  either  carbonises  or  distils  over  into 
the  section  of  the  tube  behind  the  middle  asbestos  plug. 
Wlien  this  point  is  reached,  the  tube  must  be  entirely  covered 
with  wire  gauze  and  the  substance  subjected  to  the  full  flame 
of  the  movable  burner.  If  the  oxidation  becomes  so  rapid 
that  the  platinum  begins  to  glow,  the  violence  of  the  reaction 
can  be  lessened  by  sliding  the  movable  burner  away  from  the 
substance.  After  the  combustion  has  been  finished,  the  tube 
is  allowed  to  cool  in  an  atmosphere  of  either  air  or  oxygen, 
and  is  then  ready  for  a  second  analysis.     If  the  substance 

2i 
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contains  a  halogen,  the  latter  is  kept  back  by  strips  of  silver 
foil  which  are  mixed  with  the  platinised  asbestos.  If  nitrogen 
or  sulphur  is  present,  the  tube  must  be  somewhat  longer  than 
in  onlinary  combustions,  and  the  portion  projecting  beyond 
the  furnace,  at  the  end  to  which  the  aljsorption  apparatus  is 
attached,  is  then  filled  with  lead  dioxide.  The  latter  is  heated 
by  a  burner  outside  the  furnace,  the  heat  being  regulated  by  the 
intervention  of  wire  gauze,  and  the  nitrogen  and  sulphur  thus 
retained  as  lead  nitrate  and  sulphate  respectively.  The  opera- 
tions are  more  fully  described  in  the  Ber.  d.  deutsch.  chem, 
Gesdl.  1876,  S.  1377,  and  Zeits.  f.  anal.  Chemie,  1878,  Bd. 
17.  S.  1. 

DETERMINATION  OF  NITROGEN 

§  166.  The  nitrogen  of  organic  compounds  is  usually  present 
in  one  of  the  three  forms  given  in  §  97.  It  occurs  (1)  in 
anmionia  and  derivatives  of  ammonia  (amines,  amides,  acid 
amides,  amido-acids,  ammonium  salts,  etc);  (2)  in  the  form 
of  cyanogen  (cyanogen  compounds,  nitrils,  carbylamines,  etc) ; 
and  (3)  as  the  radical  of  nitric  or  nitrous  acid  (nitro-,  nitroso-, 
azo-,  and  diazo-compounds). 

Nitrogen  can  be  estimated  by  one  of  two  methods.  The 
first,  that  of  Dumas,  which  is  applicable  to  any  compoimd 
of  nitrogen  whatever,  consists  in  the  complete  combustion  of 
the  organic  substance  and  liberation  and  measurement  of 
free  nitrogen  (determination  from  the  volume).  The  second 
method  was  devised  by  Varrentrapp  and  Will;  it  is  based 
upon  the  conversion  of  the  nitrogen  to  ammonia  by  means  of 
soda -lime,  and  determination  of  the  ammonia,  either  as  its 
platinichloride  or  by  volumetric  means.  The  method  can  be 
employed  only  when  the  nitrogen  is  present  in  one  of  the  first 
two  of  the  above  forms,  i.e.,  as  ammonia  or  cyanogea.  It  is 
inapplicable  to  the  analysis  of  nitro-,  azo-,  and  diazo-bodies,  since 
soda-lime  will  not  convert  all  the  nitrogen  in  these  compounds 
into  ammonia.  A  third  method,  originated  by  Kjeldahl,  is 
to  decompose  the  nitrogenous  substance  with  concentrated 
sulphuric  acid,  which  also  converts  the  nitrogen  to  ammonia. 

Qualitative  detection  of  nitrogen. — To  detect  nitrogen  in 
organic  substances  we  make  use  of  its  power  of  forming  an 
alkali  cyanide  when  acted  upon  by  metallic  sodium  or  potassium 
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at  a  high  temperature ;  the  cyanide  formed  being  recognised 
by  its  conversion  to  ferric  ferrocyanide.  The  test  is  made 
as  follows.  The  substance  to  be  examined  is  placed,  together 
with  a  small  piece  of  sodium  or  potassium  (the  latter  is  to  be 
preferred),  in  a  test-tube  and  heated.  The  metal  fuses  and  a 
slight  explosion  ensues,  a  portion  of  the  substance  being  re- 
duced to  carbon.  As  soon  as  the  residue  has  cooled,  water 
is  added,  whereupon  the  excess  of  metal  passes  into  its 
hydroxide.  The  solution  is  then  filtered,  if  necessary,  from  the 
carbon,  and  small  quantities  of  ferrous  and  ferric  salts  (partially 
oxidised  ferrous  sulphate)  are  added  to  the  filtrate.  This  causes 
a  precipitate  of  iron  hydroxides,  which  dissolve  on  addition  of 
hydrochloric  acid,  and  leave  that  of  ferric  ferrocyanide  which 
forms  in  the  acid  solution  plainly  visibla  This  general 
reaction  is  applicable  to  the  detection  of  nitrogen  in  any  one 
of  its  forms,  except,  as  Grabe  has  recently  observed,  that  of 
diazo-compoimds.  Its  insufficiency  in  this  case  is  apparently 
due  to  the  fact  that  the  diazo -compounds  decompose  and 
liberate  their  nitrogen  before  the  action  of  the  potassium  sets 
in.  The  nitrogen  in  compoimds  which  are  decomposed  by 
Boda-lime  with  formation  of  ammonia  can  also  be  detected  by 
this  reaction. 


DETEBMINATION  OF  NITBOQEN  FBOM  ITS  VOLUME 

{Dumas^s  Method) 

§  166.  This  method,  as  we  have  already  pointed  out,  can 
be  used  for  the  determination  of  the  nitrogen  in  any  nitro- 
genous substance  whatever. 

The  organic  substance  is  burned  to  carbon  dioxide,  water, 
and  nitrogen.  The  gaseous  products  of  the  combustion  are 
received  in  a  graduated  tube,  where  the  carbon  dioxide  is 
absorbed  by  potassium  hydroxide  and  the  volume  occupied  by 
the  nitrogen  measured.  The  weight  of  the  gas  is  then 
deduced  by  calculation. 

Apparatus. — The  nitrogen  is  determined  by  the  com- 
bustion of  the  organic  substance  in  a  tube  from  twenty-eight 
to  thirty-two  inches  long.  The  combustion  tube  is  sealed  at 
one  end,  and  the  other  end  closed  by  a  cork  through  which 
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passes  a  thin,  doubly  bent  tube,  to  lead  the  nitrogen  and 
accompanying  gases  into  the  apparatus  in  which  the  former  is 
to  be  measured-  The  gas  is  collected  in  a  graduated  tube 
which  is  filled  with  mercury  and  a  small  quantity  of  caustic 
potash,  the  latter  to  absorb  the  carbon  dioxide.  It  is  fastened 
in  a  vertical  position  to  a  standard,  and  dips  at  its  lower  end 
in  a  bath  of  mercury.  The  nitrogen,  after  being  collected  in 
this  tul^,  is  measured  according  to  the  directions  given  below. 

Weighing  the  Substance  and  filling  the  Combnstion 

Tube. — To  determine  nitrogen,  enough  of  the  substance  should 
be  taken  to  yield  from  twenty  to  thirty  cubic  centimeters  of 
the  gas,  this  requiring,  in  most  cases,  0*2  —  0  3  gr.  The  sub- 
stance is  weighed  in  the  same  apparatus  as  is  used  in  estimat- 
ing carlx)n  and  hydrogen,  and  under  ordinary  circumstances  a 
like  quantity  is  taken. 

The  combustion  tube  is  filled  in  the  following  manner. 
A  layer  of  sodium  bicarbonate  or,  more  advantageously,  mag- 
nesite  about  six  or  eight  inches  long  is  first  introduced  into 
the  tail  of  the  tube.  This  serves  to  generate  carbon  dioxide, 
by  means  of  which  all  the  air  is  driven  from  the  tube  at  the 
commencement  of  the  analysis,  and  all  the  nitrogen  forced  into 
the  graduated  cylinder  at  its  close.^  An  asbestos  plug  and 
from  two  to  four  inches  of  cupric  oxide  are  then  introduced,* 
and  on  top  of  this  the  mixture  of  cupric  oxide  and  the  sub- 
stance. Solid  substances  can  be  mixed  with  the  oxide  in  a 
mortar ;  liquids  are  dropped  into  the  tube  in  a  small  bulb,  as 
explained  in  §  158.  The  mixture  having  been  poured  in,  the 
mortar  is  rinsed  out  and  a  layer  of  cupric  oxide  (preferably 
the  granulated)  alx)ut  seven  inches  long  next  added.  The 
remainder  of  the  tube  (from  six  to  seven  inches)  is  finally 
filled  with  freshly -reduced  copper  plugs  and  the  cork  sup- 
porting   the   conducting   tube   inserted.^     The   tube   is   then 

^  Magncsito  is  preferable  to  sodium  bicarbonate,  but  as  it  is  often  difficultly 
obtained  in  a  pure  state  the  latter  must  sometimes  be  resorted  to.  The  sodium 
bicarbonate  must  be  dried  over  sulphuric  acid  in  a  bell-jar  (not  at  100*^  C,  as 
the  heat  would  drive  otf  a  large  portion  of  the  carbonic  acid).  Even  when 
thoroughly  dried,  it  contains  more  or  less  water,  which,  if  the  operator  is  at  all 
negligent  during  the  combustion,  may  easily  come  in  contact  vnth.  the  red-hot 
j)ortion  of  the  tube,  crack  it,  and  thus  make  the  whole  analysis  worthless. 

'  When  obtained  by  ignition  of  the  nitrate  cupric  oxide  may  contain 
occluded  nitrogen :  that  prejMired  in  a  muffle  furnace  should  be  taken. 

'  The  remarks  made  on  p.  477  respecting  the  copper  plugs  must  be  held  in 
mind.     When  they  are  being  prepared  for  use  in  a  nitrogen  determination, 
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gently  tapped,  to  secure  a  passage  for  the  gases,  and  placed  in 
the  furnace.  The  delivery  tube  having  been  so  adjusted  that 
its  free  end  dips  below  the  surface  of  the  mercury  in  the 
mercury  trough,  the  generation  of  the  carbon  dioxide  is  com- 
menced (see  below),  and  the  operator  at  the  same  time  fills 
the  graduated  cylinder  with  mercury.^  For  this  purpose  the 
cylinder  is  clamped  in  a  vertical  position,  with  the  mouth 
above,  and  a  funnel,  the  stem  of  which  reaches  to  the  bottom 
of  the  tube,  passed  into  it.  Mercury  is  then  poured  through 
the  funnel,  and  when  the  cylinder  is  almost  filled,  the  metal 
is  freed  from  the  bubbles  of  air  which  it  contains  by  slightly 
inclining  the  cylinder.  The  mouth  of  the  latter  is  then 
covered  by  the  palm  of  the  hand,  and  when  it  has  again  been 
restored  to  its  vertical  position  on  the  support,  the  last  minute 
air  bubbles  are  removed  by  means  of  a  platinimi  wire  (or  a  clean 
fish  bone,  a  feather,  or  the  like).  When  the  mercury  presents 
a  perfectly  smooth,  shining  surface  throughout  the  cylinder, 
the  latter  is  filled  as  completely  as  possible,  and  a  ground 
glass  plate  slid  over  its  mouth  (cutting  the  meniscus).  The 
operator,  holding  the  plate  in  his  right  hand  and  the  tube  in 
his  left,  turns  the  latter  over  into  an  inverted  position,  and 
dips  the  plate  below  the  mercury  in  the  trough.^  This  opera- 
tion requires  some  practice.  The  cylinder  is  finally  clamped 
in  position,  and  from  twenty  to  thirty  cubic  centimeters  of 
potassium  hydroxide  (1  part  KOH  to  2  parts  water)  are  passed 
into  it  by  means  of  a  pipette  with  a  curved  end. 

The  Combustion. — While  the  cylinder  is  being  filled,  the 
mouth  of  the  delivery  tube,  as  we  have  already  said,  is  kept 
below  the  surface  of  the  metal  in  the  mercury  trough,  and  the 
portion  of  the  combustion  tube  which  contains  the  sodium 
bicarbonate  or  magnesite  gently  heated.  The  evolution  of 
carbon  dioxide  must  be  maintained  for  15-20  minutes  to 
drive  out  all  the  air.     The  complete  expulsion  of  the  latter 

carbon  dioxide  must  be  passed  through  the  tube  after  their  reduction  in  hydro- 
gen, to  remove  the  latter  gas.     Perkins  recommends,  as  a  very  good  substitute 


for  these  plugs,  the  use  of  pieces  of  pumice  which  have  been  soaked  in  a  solution 
of  potassium  monochromate  and  then  dried ;  or  lumps  of  cupric  oxide  which 
have  undergone  reduction  and  cooled  off  in  an  atmosphere  of  carbon  dioxide. 

^  The  tube  must  either  be  graduated  in  cubic  centimeters  or,  if  an  arbitrary 
unit  be  taken,  the  relations  between  its  divisions  and  a  cubic  centimeter  must 
be  known. 

^  To  avoid  wasting  the  mercury,  the  tube  should  be  filled  over  a  stand  sur- 
rounded by  a  ridge,  so  that  the  metal  spilled  may  easily  be  collected. 
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is  recognised  as  follows:  a  test-tube  is  filled  with  mercury, 
placed  in  an  upright  position  over  the  mercury  trough,  and  a 
few  cubic  centimeters  of  caustic  potash  passed  into  it  from  a 
pipette.  If,  on  the  mouth  of  the  delivery  tube  being  placed 
under  the  test-tube,  all  the  escaping  gas  is  absorbed  by  the 
alkali,  tlie  air  lias  been  completely  displaced  in  the  combustion 
tube.  Should  any  of  the  gas  resist  absorption,  on  the  other 
hand,  the  current  must  be  maintained  for  some  time  and  the 
test  repeated.  As  soon  as  the  air  has  been  completely  removed, 
the  mouth  of  the  delivery  tube  is  placed  beneath  that  of  the 
cylinder,  and  the  combustion  commenced.  Heat  is  first  applied 
to  the  anterior  portion  of  the  tube  (that  containing  the 
copper  plugs),  and  at  the  same  time  the  flames  below  the  layer 
of  magnesite  or  sodium  bicarbonate  are  gradually  lowered  and 
finally  extinguished.  When  the  copper  plugs  and  the  adjoin- 
ing layer  of  cupric  oxide  have  become  red-hot,  the  layer  back 
of  the  substance  is  brought  into  ignition  and  the  heat  gradu- 
ally extended  to  the  substance  itself,  as  in  ordinary  combus- 
tions. Care  must  be  taken  that  the  metallic  copper  remains 
red-hot  throughout  the  combustion,  and  toward  the  close  of  the 
analysis  the  mixture  of  the  substance  and  cupric  oxide  must 
Ije  exposed  to  the  highest  possible  temperature.  The  pressure 
within  the  tube  becomes  comparatively  great  during  the  com- 
bustion, and  care  should  therefore  be  taken,  if  the  glass  of  the 
tube  happens  to  be  too  easily  fusible,  to  prevent  the  heat  from 
becoming  so  intense  as  to  cause  the  tube  to  burst,  and  the 
consequent  loss  of  the  analysis. 

Measurement  of  the  Nitrogen. — The  combustion  can  be 
considered  finished  as  soon  as  there  is  no  further  increase  in 
the  volume  of  the  gas  collected  in  the  cylinder.  The  layer  of 
sodium  bicarbonate  is  then  heated  again,  in  order  to  drive  the 
nitrogen  remaining  in  the  combustion  tube  into  the  cylinder. 
Great  caution  is  required  at  this  point,  as  the  water  given  off  by 
the  carbonate  is  apt  to  crack  the  glass.  The  current  of  carbon 
dioxide  is  maintained  for  about  twenty  minutes,  and  the 
operation  then  interrupted.  The  cylinder  is  allowed  to  stand 
for  an  hour  or  two  without  removal  from  the  trough,  in  order 
to  allow  any  carbon  dioxide  which  has  remained  with  the 
nitrogen  to  become  absorbed.  The  mercury  and  alkali  in  the 
cylinder  nmst  finally  be  replaced  by  water.     For  this  purpose 
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the  cylinder,  its  mouth  being  protected  by  a  small  porcelain 
dish,  is  carefully  transferred  from  the  mercury  trough  to  a 
vessel  of  greater  capacity  (a  large  mortar  or  a  wooden  bowl) 
containing  water.  The  porcelain  dish  is  then  removed  from 
its  mouth,  and  the  mercury  and  alkali  allowed  to  flow  out, 
the  water  rising  into  the  tube  at  the  same  time.  The 
porcelain  dish  is  finally  pressed  tightly  over  the  mouth  of  the 
cylinder  again,  and  the  latter  transferred  to  a  narrow  and  deep 
glass  vessel  filled  with  water.  It  is  here  fastened  to  a  sup- 
port in  such  a  way  that  the  level  of  its  contents  will  be  at 
exactly  the  same  height  as  that  of  the  water  in  the  outer 
vessel.  A  thermometer  having  been  placed  in  the  latter,  the 
apparatus  is  allowed  to  stand  for  two  or  three  hours  (prefer- 
ably in  a  room  where  the  temperature  will  remain  constant). 

To  determine  the  weight  of  the  nitrogen  obtained,  the 
temperature  and  height  of  the  barometer  are  noted,  and  the 
quantity  of  the  gas  calculated  from  the  following  well-known 

formula : 

V(H  -  h) 


W  = 


X  000125749 


760(1+000367x0 

V  =  Volume  of  the  nitrogen  in  cubic  centimeters. 
H  =  Barometric  height. 
^  =  Tension  of  aqueous  vapour  at  the  temperature  at  which  the 

measurement  was  made. 
t  =  Temperature  observed. 


Tension  of  Aqueous  Vapour  between  5°  and  30°  C. 
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The  determination  of  nitrcgea  hj  Domas's  method  is  very  accurate. 
Whatever  error  it  involves  ia  due  chiefly  to  the  (net  that  it  is  impossible 
to  obtain  the  nitrogen  .in  a  perfectly  pure  state,  a  small  quantity  of  air 
always  being  present  (coming  from  the  appaiatus,  or  left  in  the  cylinder 
on  its  being  filled).  The  oxides  of  nitrogen  also  escape  complete  reduc- 
tion at  times,  and  the  tvo  aources  of  error  give  rise  as  a  rale  to  on  excess 
of  weight  which  equals  0*2  —  0'3  per  cent  In  detennining  the  nitrogen  in 
bodies  containing  sulphur,  the  combustion  mnst  be  very  slowly  conducted, 
and  the  gases  passed  over  as  long  as  possible  a  layer  of  lead  chromate,  to 
prevent  the  reduction  of  the  carbon  dioxide  to  its  monoxide  by  the 
sulphurous  acid  formed. 

The  above  explanation  of  Bumas's  classical  method  for 
determining  nitrogen  follows  bia  own  description.     The  un- 


pleasant operations  whicli  it  involves  have  led  to  the  invention 
of  varioiu  forms  of  apparatus  in  which  to  collect  the  nitrogen, 
that  proposed  by  Schiff  (&rf.  Jler.  xiii.  885)  and  modified  by 
Gattermann  (^Zeits.  f.  anal.  Chemie,  xxiv.  57)  being  the  best 
This  apparatus  is  shown  in  the  accompanying  figure. 

The  combustion  tube,  A,  having  been  connected  with 
the  cylinder,  B,  which  is  filled  as  far  as  the  arm  leading  to 
A  with  mercury,  for  the  rest  with  caustic  potash,  the  cock 
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D  is  opened  and  the  bulb  C  lowered  until  the  level  of  the 
alkali  stands  about  one  centimeter  above  that  of  the  mercury. 
A  rapid  current  of  carbon  dioxide  is  then  sent  through  the 
apparatus  for  fifteen  or  twenty  minutes.  After  closing  the 
cock,  the  bulb  is  next  elevated  and  the  alkali  allowed  to  ascend 
to  D.  The  quantity  of  air  which  the  tube  contains  after  five 
minutes  have  elapsed  is  then  observed.  As  soon  as  none  is 
left,  the  bulb  is  raised  somewhat  higher,  the  cock  opened,  and 
the  delivery  tube  to  E  thus  filled  with  the  alkali  The 
combustion  can  now  be  commenced.  It  is  continued  in  the 
usual  manner  until  the  volume  of  gas  collected  in  B  no  longer 
increases,  whereupon  the  tube  between  the  combustion  tube 
and  cylinder  is  closed  by  a  pinch -cock  and  the  apparatus 
allowed  to  stand  for  about  an  hour.  The  cock  D  is  then 
carefully  opened  again,  while  the  bulb  C  is  still  elevated.  The 
nitrogen  obtained  thus  passes  into  the  measuring  cylinder  E, 
where  its  volimie  is  determined  as  usual. 


DETEBMINATION  OF  NITBOQEN  BY  OONVEBSION  TO 

AMMONIA 

{Method  of  Varrentrapp  and  Will) 

§  167.  This  method  is  based  upon  the  conversion  of  the 
nitrogen  of  an  organic  substance  to  ammonia  by  the  action  of 
a  caustic  alkali  at  a  high  temperature.  The  ammonia  is 
received  in  an  acid,  and  can  be  determined  by  either  a  gravi- 
metric or  volumetric  method.  The  carbon  of  the  substance  is 
oxidised  at  the  expense  of  the  oxygen  of  the  alkali,  and  its 
hydrogen  goes  to  form  the  ammonia,  or  is  in  part  released  in 
the  free  state  (or  in  the  form  of  hydrocarbons).  The  conversion 
of  the  nitrogen  to  ammonia  is  often  preceded  by  the  formation 
of  a  metallic  cyanide.  We  will  refer  to  these  complicated 
reactions  again  in  explaining  the  method. 

Varrentrapp  and  Will's  method,  as  has  already  been 
remarked,  is  inapplicable  to  the  analysis  of  nitro-,  nitroso-, 
azo-,  or  diazo-compounds. 

Preparation  of  the  soda -lime. — Calcium  oxide  is  slaked 
with  a  concentrated  solution  of  pure  sodium  hydroxide  (in  the 
proportion,  2  parts  CaO  to  1  part  NaOH).     The  mixture  is 
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then  evaporated  to  dryness  in  an  iron  dish,  ignited  in  a  Hessian 
crucible,  and  finally  broken  up  and  sifted.  The  powder  obtained 
is  used  for  mixing  with  the  substance ;  the  coarser  granules 
and  lumps  to  fill  the  remainder  of  the  combustion  tube.  The 
preparation  must  be  preserved  in  a  tightly  closed  vesseL 

Commercial  soda-lime  which  contains  nitrites  or  nitrates  cannot  be 
employed,  as  it  evolves  ammonia  of  itself.  It  can  best  be  tested  by 
ignition  with  pure  sugar,  the  conditions  for  the  determination  of  nitrogen 
being  observed  :  if  ammonia  forms,  the  preparation  is  unfit  for  use. 

Instead  of  soda-lime,  a  mixture  of  equal  parts  of  sodium 
carbonate  (obtained  from  the  bicarbonate)  and  dried  slaked 
lime  can  also  be  employed. 

The  Tube  and  Absorption  Apparatus. — The  combustion 
is  performed  in  a  difficultly  fusible  tube,  from  sixteen  to 
twenty  inches  long,  and  one  end  of  which  tapers  to  a  narrow 
point  and  is  bent  upwards.  The  other  end  is  joined,  by  means 
of  a  well-fitting  perforated  cork,  with  a  Varrentrapp  and  Will's 
absorption  apparatus,  in  which  the  ammonia  is  received.  This 
apparatus  consists  of  three  bulbs,  lying  in  the  same  vertical 
plane,  the  intermediate  one  being  much  smaller  than  the 
other  two.  From  each  of  the  larger  bulbs  passes  a  tube,  one  to 
connect  the  apparatus  with  the  combustion  tube,  and  the  other, 
which  is  long,  tapering,  and  very  thin,  being  the  outlet  The 
ammonia  is  absorbed  in  dilute  hydrochloric  or  sulphuric  acid, 
the  former  being  used  when  the  determination  is  to  be  made 
as  ammonium  platinichloride,  the  latter  if  a  volumetric  method 
is  to  be  employed.  The  gravimetric  determination  as  the 
platinichloride  is  the  better,  for  reasons  which  will  be  explained 
below.  The  hydrochloric  acid  used  should  be  dilute,  not  the 
fimiing  acid;  and  of  about  the  sp.  gr.  1*10.  It  is  introduced 
into  the  bulbs  by  suction  through  the  thin  tube.  The  amount 
taken  must  be  such  that  it  will  neither  be  drawn  into  the 
combustion  tube  by  the  violent  absorption  of  ammonia,  nor 
ejected  from  the  other  end  in  case  the  flow  of  gas  becomes  too 
rapid.  After  filling  the  bulbs,  therefore,  air  must  be  drawn 
and  forced  through  the  apparatus,  to  ascertain  the  probable 
behaviour  of  the  acid.  The  subsequent  operations  will  be 
described  later.  If  standard  sulpliuric  acid  is  to  be  used, 
twenty  cubic  centimeters  of  it  are  required  (the  ammonia  is 
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found  by  titration  of  the  residual  acid).  The  quantity  of 
substance  to  be  taken  varies  between  0*2  gr.  and  0*4  gr., 
according  to  its  richness  in  nitrogen. 

Filling  the  Tube.  The  Combastion. — ^Before  the  com- 
bustion tube  is  filled,  the  soda -lime  must  be  heated,  with 
continual  stirring,  in  a  porcelain  or  iron  basin  over  a  Bunsen 
burner,  to  drive  off  hygroscopic  water  and  ammonium  salts  (the 
latter  are  always  present  if  the  substance  has  been  kept  in  the 
laboratory  for  some  time).  When  the  preparation  has  become 
sufficiently  cool,  the  combustion  tube  is  rinsed  out  with  a 
portion  of  it  and  an  asbe^gtos  plug  then  placed  in  the  tail. 
A  layer  of  granular  soda-lime  about  two  inches  long  is  next 
introduced,  and  on  top  of  this  is  brought  the  mixture  of  the 
substance  with  powdered  soda-lime  (eight  inches),  the  mixture 
having  been  effected  in  a  warm  porcelain  rtiortar.  (Fluids  are 
introduced,  as  usual,  in  glass  bulbs.)  The  mortar  is  then 
rinsed  out  two  or  three  times  with  powdered  soda-lime,  and 
the  tube  filled  for  the  rest  of  its  length  with  the  granular 
preparation.  An  asbestos  plug  having  been  inserted  to 
prevent  any  of  the  alkaline  dust  from  being  carried  into  the 
absorption  apparatus,  the  tube  is  connected  with  the  latter  by 
means  of  a  well-fitting  cork  and,  after  a  passage  for  the  gases  has 
been  secured  by  a  few  gentle  taps,^  is  laid  in  the  furnace,  and  its 
anterior  part  heated.  As  soon  as  the  forward  third  of  the 
tube  (not  as  far  as  the  substance)  has  become  red-hot,  the 
flames  at  the  rear  of  the  furnace  are  lighted  and  the  ignition 
gradually  extended  to  the  whole  tube.  Care  must  be  taken 
that  the  combustion  proceeds  evenly,  so  that  the  current  of 
gas  generated  will  pass  into  the  absorption  apparatus  without 
cessation.  If  the  heat  becomes  irregular  and  the  flow  of  gas 
interrupted,  the  sudden  absorption  of  the  ammonia  in  the  tube 
may  draw  the  acid  out  of  the  bulbs  into  the  former  (means 
of  preventing  this  accident  will  be  explained  below).  In 
addition  to  this  precaution,  the  water  which  forms  during  the 
combustion  and  condenses  in  the  anterior  portion  of  the  tube 
must  be  carefully  driven  over  into  the  absorption-apparatus  by 
means  of  a  small  flame,  as  it  always  dissolves  some  of  the 
ammoniacal  gas.  Toward  the  close  of  the  combustion  the 
portion  of  the  tube  which  contains  the  substance  must   be 

^  The  necessity  of  forming  this  passage  has  recently  been  doubted. 
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ignited  as  strongly  as  possible,  until  the  carbon  wliich  has 
previously  separated  out  becomes  fully  consumed  and  leaves 
the  contents  of  the  tube  white  or  grayish-white.  Neglect  at 
this  point  may  lead  to  the  loss  of  more  or  less  nitrogen  which 
has  combined  with  the  alkalies  to  form  cyanides,  the  latter 
compounds  being  decomposed  to  ammonia  only  on  protracted  and 
intense  ignition.  If  the  operation  has  been  properly  conducted, 
i.e.,  if  a  current  of  gas  passed  through  the  bulbs  steadily,  during 
the  whole  of  the  combustion,  the  analysis  may  be  interrupted 
when  the  acid  in  tlie  absorption  bulbs  is  seen  to  be  gradually 
receding  toward  the  combustion  tube.  A  piece  of  caoutchouc 
tubing  is  then  slipped  over  the  free  end  of  the  absorption 
bulbs,  and,  the  tail  of  the  combustion  tube  having  been  broken 
ofif,  a  current  of  air  is  drawn  steadily  through  the  apparatus 
for  five  minutes,  either  by  the  mouth  or  with  an  aspirator. 

Determination  of  the  Ammonia. — If  the  ammonia  is  to 
be  gravimetrically  determined,  the  contents  of  the  absorption 
bulbs  are  poured  into  a  porcelain  casserole,  the  apparatus 
rinsed  out  three  times,  and  the  wash-water  added  to  the  main 
solution.  The  liquid  is  then  evaporated  almost  to  dryness, 
precipitated  with  platinum  chloride,^  and  the  ammonium  platini- 
chloride  washed  with  alcohol  and  ether,  etc,  as  directed  in 
§  11 6.  The  quantity  of  nitrogen  is  calculated  from  the  weight 
of  the  metallic  platinum  obtained  on  ignition  of  the  precipitate 
(the  determination  on  a  weighed  filter  is  less  accurate,  as  will 
be  explained  below) : 

194-8  parts  Platinum  =  28  parts  Nitrogen. 

If  a  volumetric  method  is  to  be  employed,  the  ammonia  is 
received  in  a  standard  solution  of  sulphuric  acid.  The  contents 
of  the  bulbs  are  poured,  together  with  the  wash-water,  into  a 
beaker,  where  the  solution  is  coloured  by  litmus  and  the 
residual  free  sulphuric  acid  titrated  with  standard  sodium 
hydroxida  The  difference  between  this  quantity  and  that 
placed  in  the  bulb  before  the  analysis  represents  the  amount 
saturated  by  the  ammonia.  From  this  value  the  weight  of 
nitrogen  is  easily  calculated. 

98  parts  Sulphuric  acid  =  28  parts  Nitrogen. 

^  The  pUtinuni  chloride  solution  must  contain  no  aqua  reffia.     It  should  be 
prcx)ared  from  the  crystallised  salt. 
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While  under  favourable  circumstances  this  method  is  very  accurate, 
it  can  at  the  same  time  be  employed  only  with  great  caution.  One  of  the 
greatest  difficulties  in  the  process  lies  in  correctly  regulating  the  tempera- 
ture and  preventing  the  liquid  in  the  absorption  bulbs  from  suddenly 
changing  its  leveL  Substances  which  are  poor  in  nitrogen  are  in  this 
respect  easily  analysed ;  but  those  which  contain  a  large  quantity  (20  per  cent 
and  over)  must  be  mixed  with  some  non-nitrogenous  body,  to  decrease  the 
rapidity  of  the  formation  of  ammonia  and  the  consequent  danger  of  too 
sudden  an  absorption.  For  this  purpose,  sugar,  oxalic  acid,  or  calcium 
oxalate,  can  be  employed,  the  preparation  having  first  been  thoroughly 
dried.  Another  drawback  to  Varrentrapp  and  Will's  method  is  presented 
in  the  complicated  reactions  which  take  place  between  the  soda-lime  and 
nitrogenous  compounds.  Many  of  the  latter  (indigo,  quinine,  morphine, 
etc)  are  decomposed  in  part  to  ammonia,  in  part  to  compound  ammonias  ; 
it  is  for  this  reason  that  the  precipitated  platinichloride  cannot  be  directly 
weighed,  but  must  be  determined  from  the  platinum  left  after  its  ignition. 
The  same  cause  may  also  lead  to  errors  in  the  volumetric  determination. 
The  possibility  of  an  error  arising  from  the  formation  of  these  compound 
ammonias  cannot  be  prevented,  as  many  members  of  this  class  of  com- 
pounds form  platinichlorides  soluble  in  alcohol,  so  that  loss  ensues  in 
washing  the  precipitate.  This  danger  is  partly,  but  only  partly,  obviated 
by  the  proposition  made  by  A.  W.  Hofman,  to  wash  the  precipitate  in 
such  cases  with  ether,  to  which  only  a  few  drops  of  alcohol  have  been 
added.  The  determination  of  nitrogen  by  this  method  in  very  com- 
plicated compounds  (especially  of  the  aromatic  series)  is  moreover  accom- 
panied, as  I  have  often  observed,  by  the  separation  of  solid  substances 
(hydrocarbons,  napthaline,  etc.)  which  get  into  the  absorption  bulbs  and 
must  necessarily  be  filtered  off ;  the  filtrate  is  then  apt  to  contain  substances, 
on  evaporation  with  which  the  platinum  of  the  platinichloride  suffers 
reduction.  Great  discrimination  is,  therefore,  required  in  the  use  of 
Varrentrapp  and  Will's  method,  especially  when  a  new  compound  is  to  be 
investigated.  In  the  analysis  of  substances  which  evolve  only  ammonia 
(such  as  oxamide  and  analogous  compounds)  it  nevertheless  affords  very 
accurate  results. 

KjeldaJits  Method 

§  168.  The  substance  (about  0*5  gr.)  is  weighed  off  in  an  ordi- 
nary flask  of  about  100  c.c.  capacity,  and  oxidised,  in  the  same 
vessel,  with  boiling  concentrated  sulphuric  acid  (10  c.c.)  For 
this  purpose  the  flask  is  placed  on  a  support  covered  with 
wire  gauze,  and  first  heated  with  a  small  flame.  The  operation 
must  be  performed  under  a  hood,  as  sulphurous  acid  is  liberated 
in  the  reaction.  The  liquid  is  boiled  for  about  two  hours, 
until  the  evolution  of  gas  has  entirely  ceased  and  the  dark 
colour  which  the  acid  at  first  assumed  has  been  lost,  indicating 
that  the  decomposition  of  the  organic  substance  is  complete. 
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DETERMINATION  OF  THE  OABBON,  HTDEOGEN,  AND 
NITBOGEN  OF  OBGANIO  SUBSTANOES  IN  ONE 
OFE&ATION. 

(Method  of  P,  Jannasch  and  Victor  Meyer) 

This  method  is  intended,  not  to  displace  the  processes  which  we  have 
already  described,  but  for  use  when  only  a  small  quantity  of  the  substance 
is  available,  and  simultaneous  determination  of  the  three  elements  is  there- 
fore desirable.  The  substance  is  ignited  as  usual  with  cupric  oxide,  in  a 
tube  about  forty  inches  long.  The  products  of  combustion  first  pass  through 
a  calcium  chloride  tube  and  a  potash  bulb,  and  the  nitrogen  is  finally 
received  in  a  cylinder  connected  with  the  latter.  A  current  of  pure  dry 
oxygen  is  first  led  through  the  apparatus,  and  when  the  air  has  been  driven 
out,  the  bayonet  of  the  tube  is  sealed  up,  and  the  posterior  end,  containing 
a  mixture  of  equal  parts  of  potassium  permanganate  and  dichromate,  is 
slightly  heated.  The  arrangement  of  the  different  parts  of  the  apparatus 
and  reagents  is  the  same  as  in  Dumas's  method,  with  the  exception  that 
the  cylinder  receiving  the  nitrogen  is  filled  with  a  hydrochloric  acid  solu- 
tion of  chromous  chloride,  CtCI^  instead  of  sodium  hydroxide.  This 
reagent  serves  to  absorb  the  excess  of  oxygen.  The  process  is  the  same 
as  in  Dumas's  method.  The  hydrogen  is  determined  from  the  increase 
in  weight  of  the  calciimi  chloride  tube  ;  the  carbon  from  that  of  the  potash 
bulb  ;  and  the  nitrogen  measured  as  such.  The  details  of  the  method  can 
be  found  in  the  Ann,  d,  Chem,  u.  Pharm,  Bd.  233,  S.  375. 


DETERMINATION  OF  THE  HALOQENS 

§  169.  The  halogens  in  organic  substances  are  rarely 
present  in  a  form  which  permits  their  direct  detection  and 
estimation  by  means  of  silver  nitrate.  Compounds  in  which 
this  can  be  effected  are  the  haloid  salts  of  organic  bases  and 
the  acid  haloids,  or  haloid  anhydrides  of  the  acids,  which  are 
decomposed  to  the  respective  hydrogen  acids  by  water.  In 
these  few  cases  the  halogens  are  detected  and  estimated  by 
precipitation  with  silver  nitrate  under  the  usual  conditions 

(§  127). 

In  general,  however,  the  halogens  in  organic  compoimds, 
whether  in  aqueous  or  alcoholic  solution,  show  no  reaction 
with  silver  nitrate ;  and  their  detection  and  estimation  must 
therefore  be  preceded  by  complete  decomposition  of  the 
compound. 

Detection  of  the  halogens. — When  organic  haloid  com- 
pounds are  burned  they  very  often  tinge  the  flame  green,  the 
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colour  being  particularly  distinct  on  the  border.  In  accord- 
ance with  Beilstein's  proposition,  the  conditions  of  the  reaction 
have  been  altered  as  follows.  A  piece  of  cupric  oxide  is 
ignited  in  the  loop  of  a  platinum  wire,  and  some  of  the  sub- 
stance to  be  examined  then  placed  upon  it.  If  it  be  again 
held  in  the  outer  mantle  of  the  flame,  no  change  is  at  first 
observed  in  the  latter,  but  the  haloid  salt  of  the  copper  soon 
commences  to  volatilise  and  colours  the  flame  green  or  blue. 
The  purity  of  the  cupric  oxide  must  be  tested  before  each 
experiment,  the  piece  to  be  used  being  for  this  purpose  ignited 
in  both  the  oxidising  and  reducing  flame,  either  alone  or  after 
it  has  been  moistened  with  water  or  alcohol.  The  halogens 
in  organic  compounds  can  also  be  detected  by  combustion  with 
calciimi  oxide  (it  is  not  always  applicable ;  for  instance,  with 
monochlorobenzene).  The  method  is  described  below,  in  con- 
nection with  the  quantitative  determination. 

Determination  of  the  Halogens.  Method  of  Carivs. — 
This  method  is  the  one  most  frequently  used.  It  consists  in 
decomposing  the  substance  with  concentrated  nitric  acid  at  a 
high  temperature,  and  finally  determining  the  halogen  as  its 
silver  salt  with  silver  nitrate.  The  decomposition  is  eflfected 
in  a  sealed  tube. 

The  quantity  of  the  substance  to  be  taken  depends  on  its 
richness  in  the  halogen.  From  0*2  gr.  to  0*3  gr.  are  weighed 
off,  in  a  thin  glass  bulb  (of  difiicultly  fusible  glass)  if  the  sub- 
stance be  liquid,  or  in  a  small  tube  sealed  at  one  end  if  a  solid. 
It  is  then  placed  in  a  tube  of  about  one  half  inch  in  diameter, 
which  is  sealed  at  one  end.  Enough  crystallised  silver  nitrate 
to  precipitate  the  whole  of  the  halogen,  and  from  twenty  to 
sixty  times  as  much  nitric  acid  as  substance,  having  been 
added,  the  open  end  is  drawn  out  to  a  thick  capillary  tube 
and  then  sealed.  The  concentration  of  the  nitric  acid  must 
be  governed  by  the  readiness  with  which  the  substance  will 
undergo  oxidation;  the  specific  gravity  should  be  1*3-1 '3 7 
(or  greater).  The  liquid  must  not  occupy  more  than  a  third 
or  two-fifths  of  the  tube.  The  latter  is  placed  in  the  iron 
tube  of  an  air-bath  (having  first  been  shaken,  for  the  purpose 
of  breaking  the  bulb,  if  a  liquid  is  being  analysed),  and  kept 
at  a  temperature  of  150°-250°  C.  for  from  ten  to  thirty  hours. 
The  degree  and  duration  of  the  heat  to  be  employed  depends 
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upon  the  ease  with  which  the  substance  can  be  decomposed. 
WTien  the  reaction  is  considered  over,  the  tube  is  allowed  to 
become  entirely  cold  while  still  inside  the  air-bath,  and  then 
opened.  For  this  purpose  it  is  wrapped  in  a  towel  (as  a  pre- 
caution in  case  of  explosion),  and  its  capillary  end  held  in  a 
gas  flame.  As  the  glass  melts  the  compressed  gas  within  the 
tube  forces  a  hole  through  it  and  escapes.  As  soon  as  this 
occurs  the  tube  is  scratched  with  a  file  and  broken  off  cleanly 
by  holding  the  red-hot  end  of  a  glass  rod  against  the  mark 
made.  The  precipitated  silver  haloid  is  then  carefully  trans- 
ferred from  the  tube  to  a  small  filter,  washed,  and  determined 
according  to  §  127.  If  the  substance  .under  analysis  was  a 
liquid,  the  pieces  of  glass  from  the  bulb  must  also  be  collected 
on  the  filter  and  weighed  with  the  precipitate.  As  the  weight 
of  the  bulb  while  whole  is  known,  the  quantity  of  the  silver 
salt  is  found  by  subtracting  this  value  from  the  combined 
weight  (of  the  bulb  and  precipitate).  The  quantity  of  the 
halogen  found  is  deduced  in  the  usual  manner. 

The  method  of  Carius  is  more  accurate  than  other  processes,  and  the 
halogens  are  therefore  almost  always  determined  by  its  means.  Its  chief 
objection  is  that  for  every  substance  the  proper  concentration  of  the  nitric 
acid,  and  also  the  time  necessary  to  ensure  decomposition^  must  be  ascer- 
tained by  experiment  It  is  inapplicable  in  cases  where  the  substance 
will  not  be  completely  destroyed  by  the  nitric  acid.  Carius  has  proposed 
to  use  in  such  instances  a  mixture  of  3-4  parts  of  nitric  acid  (sp.  gr.  1*4), 
1  part  of  potassium  dichromate,  and  the  requisite  amount  of  silver  nitrate. 
Since  with  this  mixture  silver  chromate  is  also  formed,  however,  the 
liquid  must  be  boiled  for  an  hour  with  alcohol  (5-10  c.c.)  before  being 
filtered.  This  modification  is  rarely  employed,  as  the  process  below  is 
more  convenient  A  modification  of  the  latter  method  which  can  also  be 
used  in  estimating  the  halogens  is  described  in  the  paragraph  on  the 
determination  of  sulphur. 

Determination  by  Ignition  with  Calcium  Oxide. — The 

calcium  oxide  (anhydrous)  must  contain  no  halogens,  and  is 
usually  prepared  from  pure  marble.  The  ignition  is  performed 
in  a  tube  of  difficultly  fusible  glass,  which  is  sealed  at  one  end 
and  from  sixteen  to  twenty  inches  long.  A  layer  of  pure 
calcium  oxide  is  first  introduced,  and  then  the  mixture  of  the 
substance  with  more  of  the  oxide.  The  mixture  is  prepared 
in  a  porcelain  mortar  if  the  substance  be  solid,  and  a  bulb 
employed  for  liquids.     The  mortar  having  been  rinsed  out 
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•jjt>3^  yt,\:»  t.'>s^  L^tra-V:.      7r.  ':r:V:rT:.::Jr^  :>iir.c  ti*  i.r«aea8  £«  rerfcrsei, 

0:*>;r:;.::iwi  'r;v  V^Iriard'?!  Hx^iIjA  X  1o3  .  An  excess  of 
ftVtU'i^rl  y.lh'*:r  nitrate  L»  fin-t  vidfr^i  to  the  liquid,  and  the 
T^^r'i'hiAl  hi'Iver  then  titrated  with  standcinl  ammonium  sulpho- 
evan;it^;. 


DETERMIHATIOH  OF  8ULFHUK  AHD  FH06FH0BUB 

\  170.  The  widelj'-varj'ing  l^ehaviour  of  sulphur  and  phos- 
phonjii  <'j}Xtiyj\xin\h  n'i^:e.«v5itates  several  different  methods  for 
their  analyHLH.     In  all  of  them,  however,  the  sulphur  is  eon- 
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verted  to  sulphuric  acid  and  weighed  as  barium  sulphate,  the 
phosphorus  to  phosphoric  acid  and  precipitated  as  ammonium 
magnesium  phosphate.  The  qualitative  detection  of  these 
substances  is  made  in  the  same  manner  as  their  determination, 
and  will  therefore  require  no  separate  description.  The  oxida- 
tion of  sulphur  and  phosphorus  is  effected  under  like  condi- 
tions, and  the  following  methods  can  be  employed  for  the 
analysis  of  either  element  (and  also  of  arsenic). 

Method  of  Carius. — This  process  is  pai-ticularly  conveni- 
ent for  the  estimation  of  sulphur.  The  substance  is  decom- 
posed, as  in  determining  the  halogens,  with  concentrated  nitric 
acid  in  a  sealed  tube.  The  varying  readiness  with  which 
different  sulphur  compounds  undergo  decomposition  necessitates 
the  choice  of  one  of  several  modifications,  which  are  given 
below  in  the  order  of  their  power  as  a  means  of  oxidation. 

1.  The  substance  is  oxidised  with  nitric  acid  of  sp.  gr.  1'2, 
under  the  conditions  explained  in  the  detennination  of  the 
halogens  by  this  method  (§  169).  The  solution  obtained  is 
diluted  with  water  and  precipitated  by  barimn  cliloride,  and 
the  barium  sulpliate  filtered  off,  washed,  and  weighed. 

2.  Many  substances,  such  as  ethyl  sulphide,  cannot  be 
decomposed  in  this  way.  In  sucli  cases  the  above  process  is 
supplemented  by  neutralising  the  liquid  with  sodimn  carbonate, 
evaporating  to  dryness,  and  fusing  the  residue  in  a  silver  dish 
over  a  glass  flame.  The  cake  obtained  is  then  dissolved  in 
water,  neutralised  with  nitric  acid  (with  addition  of  hydro- 
chloric), filtered,  and  the  filtrate  precipitated  with  barium 
chloride.  The  barium  sulphate  must  be  purified,  as  directed 
in  §  134. 

3.  A  mixture  of  nitric  acid  of  sp.  gr.  1-4  and  potassium 
(lichromate  is  employed,  as  explained  in  §  169. 

4.  Nitric  acid  of  sp.  gr.  =  1'5,  obtained  by  gently  heating 
the  fuming  acid  in  a  flask,  is  employed.  The  tube  should  be 
eighteen  or  twenty  inclies  long  and  have  an  internal  diameter 
of  one-half  an  inch.  Not  more  than  one  and  a  half  or  two 
times  as  much  of  the  acid  as  is  theoretically  necessary  must 
be  taken,  the  calculation  being  made  on  the  hypothesis  that 
each  molecule  of  nitric  acid  contains  one  atom  of  active 
oxygen.  For  the  complete  oxidation  of  CH^S,  for  instance, 
seven  atoms  of  oxygen,  and  accordingly  seven  molecules  of 
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nitric  acid,  are  necessarj\  The  temperature  to  which  the 
tube  must  be  heated  is  governed  by  the  ease  with  which  the 
substance  can  be  decomposed:  it  ranges  from  150°  C.  to 
300°  C,  and  is  maintained  for  one  and  a  half  or  two  hours. 
When  the  operation  is  finished,  the  tube  is  opened  and  its 
contents  diluted  with  a  small  quantity  of  water  and  treated 
as  usual. 

Oxidation  with  Sodium  Carbonate  and  Potassium 
Nitrate. — 1.  This  method,  introduced  by  Liebig,  is  particularly 
suitable  for  the  analysis  of  compounds  which  contain  only  a 
small  percentage  of  sulphur,  such  as  albuminoids,  the  aromatic 
sulpho-acids,  etc.  A  quantity  of  pure  potassium  hydroxide, 
to  which  has  been  added  one-eiglith  its  weight  of  potassium 
nitrate  and  a  little  water,  is  fused  in  a  silver  crucible  and 
allowed  to  cool.  A  weighed  quantity  of  the  substance  is  then 
added  and  the  fusion  repeated,  the  mixture  being  continually 
stirred  with  a  glass  rod  until  it  has  become  perfectly  white. 
Wlien  it  has  again  grown  cold  it  is  dissolved  in  water, 
neutralised  with  hydrochloric  acid,  and  precipitated  'with 
barium  chloride.  The  barium  sulphate  obtained  requires 
purification  (§  134). 

2.  If  the  compound  be  volatile  the  method  must  be  sub- 
jected to  the  following  modification  (it  has  the  objection  of 
being  longer).  The  substance  is  fused  in  a  glass  tube, 
about  eighteen  inches  in  length  and  sealed  at  one  end,  with  a 
mixture  of  eight  parts  of  sodium  carbonate  and  one  part  of 
potassium  nitrate  or  chlorate  (a  greater  proportion  of  potassium 
chlorate  would  be  apt  to  cause  an  explosion).  The  operations 
of  filling  the  tube  and  preparing  the  mixture  of  the  substance 
with  the  reagent  are  performed  as  described  in  §  169 
(determination  of  the  halogens  by  ignition  with  calcium 
oxide).  Fluids  are  introduced  into  the  tube  in  glass  bulba 
The  tube  having  been  placed  in  a  combustion  furnace,  the  gas 
is  lighted  under  its  anterior  end  and  the  heat  gradually 
extended  its  whole  length.  When  the  contents  have  become 
perfectly  white  the  tube  is  thrust,  while  still  hot,  into  a  flask 
or  cylinder  containing  water.  The  solution  is  then  acidified 
with  hydrochloric  acid,  filtered  from  the  pieces  of  glass,  and 
evaporated  to  dryness  in  a  porcelain  casserole  (to  convert  the 
silica  taken  up  from  the  glass  into  the  insoluble  state).     The 
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residue  is  extracted  with  water  and  treated  as  usual     The 
barium  sulphate  requires  purification  (§  134). 

Cla8on*8  method. — This  method  consists  in  the  complete  oxidation  of 
the  sulphur  compound  in  a  current  of  oxygen  and  nitric  oxide.  Its 
details  can  he  found  in  the  ZeUschriftf.  anal.  Ghemie^   1883,  S.  177. 

If  sulphur  and  phosphonis  are  lx)th  present,  the  solution  is 
precipitated,  after  the  oxidation,  with  barium  chloride,  the 
precipitate  filtered  off,  and  the  phosphoric  acid  thrown  down 
from  the  filtrate  as  ammonium  magnesium  phosphata  The 
detailed  description  of  the  estimation  of  sulphuric  acid  will 
be  found  in  §  118;  that  of  phosphoric  acid  as  ammonium 
magnesium  phosphate  in  §  135. 

DETERMINATION  OF  THE  METALS 

• 

§  171.  We  shall  consider  only  the  most  frequently  occur- 
ring case,  viz.,  the  determination  of  the  metals  in  salts  of  organic 
acids.  The  metals  are  determined  in  the  same  forms  as  in 
the  methods  described  in  Part  II.,  Section  I.,  the  respective 
compounds  often  being  obtained  simply  by  ignition  of  the  salts, 
i.e.,  through  the  decomposition  of  the  organic  constituents  at  a 
high  temperature. 

Tlie  analysis  is  made  with  from  0*3  gr.  to  0*7  gr.  of  the 
substance,  according  to  the  probable  percentage  of  the  metal 
and  the  metliod  to  be  used. 

If  ignition  is  to  be  employed,  the  substance  can  be 
weighed  directly  in  a  platinum  or  porcelain  crucible ;  if  another 
method,  in  a  weighing  tube  (§  139). 

Ignition. — The  substance  is  first  carbonised,  by  heating 
with  a  small  flame  in  a  covered  porcelain  or  platinum  crucible, 
the  exact  temperature  to  be  employed  varying  with  the  nature 
of  the  compounds.  This  operation  requires  great  care,  as  it 
is  often  attended  by  violent  effervescence.  When  the  vehem- 
ence of  the  reaction  has  subsided  the  heat  is  increased,  and 
the  crucible  placed  somewhat  obliquely,  to  assist  the  combustion 
of  the  carbon.  This  is  further  hastened  by  inclining  the  cover 
to  the  crucible.  The  final  residue  (metallic  oxide  or  carbonate) 
is  then  treated  as  below. 

Zinc,  cadmium,  and  lead  salts  cannot  be  directly  ignited  until 
the  carbon  has  been  completely  oxidised,  as  loss  is  otherwise 


•  •■      "  •  "        ^»^ 

<*    '  ■«  -  m 

oTTir;;''.;^  In  pLv>bri  in  in  o'^li-ie  posirion,  a^d  i:^  -rl*^- 
Jialf  ^;j»-;'io-i>Jr  h*34V:<i  with  a  -iTr-a!!  diic^e.  :ne  t^n^r-eramre 
\ifi\u'ji  T^r'jr^Wj^l  hfifjjz*\\wr  lo  :h*:  r^pi-iitT  of  the  acM's  vola- 
uli?>tUo:i,  Wl^^zu  -Ai^i  furn.fi?  hjive  frntirrlir  diaapwjar^L  the 
HAui^Ah  i>,  ii£nl>fi  r^^riJTJfrljii  zl^jT^z  str^^n^-lv.  It  still  c»>niaiiis 
uufih  or  l^A  of  t:.h  h/'i'l  rijphiat^,  however,  and  to  eonvert  tliis 
Uf  l\iH  iif'/itr^l  5vilt  pifrr:^  of  ammonium  carbonate  must  from 
tiffii^;  t^^  tim^  Ije  hflflf:fl  and  volatilLr^  within  the  covere*! 
f:nif'A\Af%  T\ih  cr^ifAtAh  mij.rt  1^  continually  covered  during 
the  \'/u\Wjn  of  ytX^trjihiiii  hulpliate.  Sodium  .sulphate  is  very 
Ttii%t\\\y  fiirihle.  The  ojieraiion  can  l^e  very  conveniently  per- 
forthf'A  in  a  cup-^hajje^l  ojjen  air-ljath,  or  in  a  muffle,  as 
explain<^l  in  S  110. 

litirliim  in  preferably  determine^l  by  precipitation  with 
dilute;  Kulphuric  a/;id  from  its  a^|ueou.s  or  hydrochloric  or 
nitric  a/:id  solution,  as  in  $  118.  Tlie  determination  can  also 
U;  ma'ie  by  i;(Tiiting  the  Bait  and  treating  the  residue  with 
HulpJiuric  iU'M,  an  i«  done  with  jKjtassium,  A  platinum  crucible 
Hliould  not  }/fi  uHtA  for  the  ignition  of  Ijarium  salts,  as  it  is 
ajit  to  Ui  H,iUu:\nA  by  the  liarium  oxide  formed.  In  very 
mre  <'^ii¥'.H  ThucIi,  for  instance,  as  in  the  analysis  of  haloid 
Hubstitution  pnxlucts  of  the  acids),  the  l>arium  is  precipitated 
hy  ammonia  an<l  ammonium  carbonate,  and  weighed  as  its 
(airUiiiatc  r§  118;. 

*  It  TfjijHt  }ff:  aAcertainc^l   tliat  the  suliihuric  acid  leaves  no  residae  on 
ignition. 
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Calcium,  magnesium. — Calcium  salts  are  ignited  over  an 
ordinary  flame  until  the  combustion  of  the  carbon  is  complete, 
and  then  heated  before  the  blow-pipe  in  an  imcovered  crucible 
for  an  hour  (§  118).  The  ignition  is  repeated  again  after  the 
calcium  oxide  has  been  weighed,  to  ascertain  whether  the  weight 
remains  constant.  The  determination  can  be  somewhat  more 
accurately  made  as  sulphate  than  by  the  above  method.  The 
residue  left  on  ignition  of  the  salt  is  for  this  purpose  treated 
with  hydrochloric  acid,  a  few  drops  of  dilute  sulphuric  acid 
added,  and  the  liquid  evaporated  to  dryness  and  ignited. 
Magnesium  is  determined  by  igniting  the  salt  and  weighing 
the  residual  magnesium  oxide. 

Aluminium,  chromium,  iron. — The  salts  are  ignited  and 
the  residual  oxides  weighed. 

Zinc, — The  zinc  in  salts  with  volatile  organic  acids  is 
determined  by  precipitation  with  sodium  carbonate  (§  123) 
and  weighing  as  oxide.  When  combined  with  non- volatile 
acids,  the  best  method  is  to  separate  it  as  zinc  sulphide 
(§  123),  Ignition  is  apt  to  lead  to  too  low  results.  If  it 
must  be  employed,  the  operation  is  performed  as  described 
under  Lead. 

Lead  is  most  conveniently  estimated  in  the  wet  way,  by 
precipitation  as  lead  sulphate  from  the  aqueous  or  nitric  acid 
solution  of  its  organic  salt.  The  directions  given  in  §  127 
must  be  observed.  In  the  determination  of  lead  as  the  oxide 
by  ignition,  the  substance  is  carefully  ignited  in  a  porcelain 
crucible  to  carbonisation.  The  cover  is  then  removed  and,  when 
the  further  combustion  has  ceased  and  the  flame  been  taken 
away,  a  few  pieces  of  recently-fused  ammonium  nitrate  are 
added  and  the  cover  replaced.  When  the  reaction,  which  is 
at  first  violent,  has  subsided,  the  ignition  is  repeated  and  the 
residue  finally  weighed  as  lead  oxide. 

Copper  can  rarely  be  precipitated  from  the  solution  of  its 
organic  salts  by  means  of  sodium  hydroxide  (§  117).  It  is 
usually  determined  by  igniting  the  salt  in  a  porcelain  or 
platinum  crucible,  the  residue  first  obtained  being  moistened 
with  nitric  acid  and  reignited  before  the  weighing.  To  avoid 
the  risk  of  a  loss  occurring  through  spirting,  it  is  advisable  to 
perform  this  operation  while  the  crucible  is  standing  inside 
another  and  somewhat  larger  one,  with  which  it  must  also 
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be  weighed  The  oxidation  can  also  be  effected  with  mercuric 
oxide  (which  must  leave  no  residue  on  ignition). 

Mercury  is  determined  exclusively  in  the  wet  way.  The 
aqueous  or  nitric  acid  solution  of  the  salt  to  be  analysed  is 
precipitated  by  freshly-prepared  hydrogen  sulphide  water,  and 
the  mercuric  sulphide  determined  on  a  weighed  filter,  according 
to  §  127. 

Silver,  gold,  platinum, — ^WTien  organic  compounds  con- 
taining these  elements  are  ignited,  the  latter  are  left  in  the 
metallic  state  and  can  be  weighed  as  such.  For  the  details  to 
be  fulfilled  in  the  ignition  of  compounds  containing  gold,  see 
§  131  ;  of  those  of  platinum,  §§  131  and  116.  In  the  deter- 
mination of  silver  the  metal  must  be  dissolved  in  dilute  nitric 
acid  after  being  weighed,  to  ascertain  that  no  carbon  has  been 
left  from  the  ignition.^  The  ignition  of  silver  salts  must  be 
I)erformed  with  the  utmost  care,  since  many  of  them  explode 
on  being  heated.  If  the  explosion  is  only  slight,  the  salt  can 
safely  be  analysed  by  this  method,  but  in  violently  explosive 
lx)dies  the  silver  nmst  be  determined  by  precipitation  from 
aqueous  or  nitric  acid  solution  with  hydrochloric  acid  (§  127). 

In  order  to  determine  both  the  chlorine  and  platiniun  in  the  platini- 
chlorides  of  organic  bases,  the  following  method,  proposed  by  Wallecb, 
may  be  employed.  The  salt  is  weighed  off  in  a  platinum  dish,  covered 
with  alcohol,  and  treated  with  0*5- 1*0  gr.  of  metallic  sodium  in  alcoholic 
solution.  The  dish  is  then  set  upon  the  water-bath,  where  the  excess  of 
alcohol  is  driven  off.  As  soon  as  crystals  are  observed  to  form,  the 
residual  alcohol  is  lighted.  When  it  has  entirely  burned  away,  the  residue 
is  ignited,  allowed  to  cool,  extracted  with  water,  and  filtered.  The 
chlorine  is  determined  in  the  filtrate  by  the  usual  method.  The  platinum 
remains  upon  the  filter,  with  which,  after  being  dried,  it  is  ignited  in  a 
platinum  crucible  and  weighed. 

According  to  Wolff  this  method  must  also  be  employed  in  many  cases 
for  the  analysis  of  aurichlorides,  since  in  the  determination  of  the  gold  by 
ignition  it  is  sometimes  impossible  to  avoid  a  loss. 

'  When  using  a  Bunsen  burner  for  the  ignition  in  determining  silver  I  have 
never  yet  observed  a  case  in  which  the  combustion  of  the  carbon  was  incomplete. 
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0  =  16 

0  =  15-96 

0  =  16 

0  =  15-96 

AluminiuTn  . 

27-08 

27  04 

Molybdenum 

96-1 

95-9 

Antimony     . 

120-29 

119-6 

Nickel    . 

58-37 

5819 

Arsenic  . 

750 

74-9 

Niobium 

'     94-2 

93-7 

Barium  . 

137-42 

136-9 

Nitrogen 

14-041 

14-02 

Beryllium 

j       910 

9-08 

Osmium 

191-6 

190-3 

Bismuth 

1   209  02 

208-37 

Oxygen . 

16-0 

15-96 

Boron 

11-0 

10-9 

Palladium 

106-7 

106-35 

Bromine 

79-963 

79-76 

Phosphorus  . 

i     31-03 

30-96 

Cadmium 

11208 

111-8 

Platinum 

194-83 

194-5 

Csesium  . 

132-88 

132-7 

Potassium 

39-136 

3903 

Calcium 

4000 

39-91 

Ehodium 

103-0 

102-74 

Carbon  . 

12-003 

11-97 

Kubidium 

85-44 

85-2 

Cerium  . 

140-2 

139-9 

Ruthenium   . 

101-6 

101-4 

Chlorine 

35-463 

35-37 

Selenium 

7-907 

78-87 

Chromium    . 

5215 

520 

Silicon    . 

28-40 

28-3 

Cobalt    . 

59-85 

59-67 

Silver 

107-938 

107-66 

Copper  . 

63-60 

63-45 

Sodium  . 

23-058 

23-0 

Fluorine 

18-99 

19-06 

Strontium 

87-52 

87-3 

Gallium . 

69-9 

69-9 

Sulphur . 

32-063 

31-98 

Germanium  . 

72-32 

72-3 

Tantalum 

i    182-8 

182- 

Gold       .       . 

196-85 

196-7 

Tellurium 

125  0 

125-0 

Hydrogen 

1-0032 

1-00 

Thallium 

20415 

203-7 

Indium  . 

113-7 

113-6 

Thorium 

232-4 

231-9 

Iodine    . 

126-864 

126-54 

Tin  .       .       . 

119-17 

118-8 

Iridium  . 

19318 

192-5 

Titanium 

4813 

48-0 

Iron 

560 

55-88 

Tungsten 

1    184-0 

183-6 

Lanthanum  . 

138-5 

138-2 

Uranium 

239-4 

238-8 

Lead 

206-911 

206-4 

Vanadium 

51-21 

5M 

Lithium 

7-030 

7-01 

Yttrium 

89-0 

88-9 

Magnesium  . 

24-38 

24-2 

Zinc 

65-38 

65-3 

Manganese   . 

55-09 

54-8 

Zirconium 

90-67 

90-4 

Mercury 

200-4 

199-8 
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Table  for  the  Calculation  of  Analytical  Eesults 


Elements. 

Atomic 
Weights. 

Weighing-fonn. 

Molecular 
Weight. 

Factor. 

Aluminium 

27 

AljOj 

102 

102=«"»* 

Antimony 

120 

Sb^3 

336 

-jf  =0-7142 

Arsenic 

76 

ABaS, 

246 

;,'3-0-60975 

>»        ... 

•  •  • 

MgNH4As04.JHaO 

190 

11  -0-3947 

Barium 

137-4 

BaSO^ 

238-4 

"-'■* -0-5887 

Bismuth  . 

209 

Bi^Oa 

466 

209    „  „„, 
233=0-897 

Boron 

11 

■  ■  • 

•  ■  • 

•  •   • 

Bromine  . 

80 

AgBr 

188 

20 

^7  =0-4255 

Cadmium 

112 

CdO 

128 

•|-=0-8760 

Calcium   . 

40 

CaO 

56 

-—=0-7143 

>» 

•  •  • 

CaCOs 

100 

-|- =0-4000 
0 

Carbon 

12 

COa 

44 

■^=0-2727 

Chlorine  . 

35-5 

Aga 

143-5 

287  =  °-2*'* 

Chromium 

52-1 

CrjOa 

152-2 

104 -2_ 
152-2-°  *^**' 

Cobalt      .       .       . 

69-8 

C03O4 

243-4 

179-4    „»„„ 
243-4=°-'8'0 

Copper 

63-6 

CuO 

79-6 

^^■'-0-799 
79-6    °^^^ 

Fluorine  . 

19 

CaFa 

78 

11  =o-«" 

Gold.       .       ,       . 

197 

•  •  • 

•  •  • 

•  •  • 

Hydrogen 

1 

HjO 

18 

-L=o-iiii 

Iodine 

127 

Agl 

235 

127 
285=^'^^^* 

Iron  .... 

56 

FejOs 

160 

^^  -0-7000 

Lead. 

207 

PbS04 

303 

^^  =0-6881 
101 

^ 
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Table  for  the  Calculation  of  Analytical  Results     Continued. 

Elements. 

Atomic 
Weight*. 

Weighing-form. 

Molecular 
Weight. 

F^tor. 

Magnesium 

24-4 

MgjPA 

222-8 

2^  =  <'-2190 

Manganese 

55 

Mnj04 

229 

i=0-7206 

Mercury 

200-4 

HgS 

232-4 

IfI-^- 

>>         ... 

•  •  • 

HgCl 

235-9 

sn=o-- 

Nickel      .      .       . 

58-5 

NiO 

74-5 

gi=0-7852 

Nitrogen  . 

14 

(NH4)^tCl« 

443-9 

QQ 

,^3.j,- 0063077 

»        ... 

•  •  • 

Pt 

194-9 

QO 

i9,.9=014866 

Ammonia 

17 

(NH,)aPtCl« 

443-9 

^%.^-0-07mi 

)> 

•  •  • 

Pt 

194-9 

jJJ.j,-0-17466 

Cyanogen 

26 

AgCy 

134 

«  -<>-^»^° 

Oxygen    . 

16 

•  •  • 

■  •  • 

•  •  • 

Phosphorus 

31 

MgaPA 

222-8 

^;;.,-0-2782 

Platinum . 

194-9 

•  •  • 

■  •  • 

•  •  • 

Potassium 

39-1 

K^04 

174-2 

«;.;=o-4489 

Silicon 

28-4 

SiOs 

60-4 

S^o-'o^ 

Silver 

108 

AgCl 

143-5 

im=o'«2« 

Sodium     . 

28 

NajSO^ 

142 

tz  -0-3289 

Strontium 

87-5 

SrS04 

183-5 

g?=0-4768 

Sulphur   . 

82 

BaS04 

233 

233=°-^3'« 

Tin    ...       . 

119 

SnOa 

151 

il?  =  0-7881 

Zinc  .... 

65-4 

ZnO 

81-4 

g;i=0-8084 

The  weight  of  the  element  is  found  by  multiplying  that  of  the  compound  by  either 
the  fraction  or  decimal  given  in  the  last  column  ;  these  constants  express  the  ratio  between 
the  atomic  weight  of  the  element  and  the  molecular  weight  of  its  weighing-form. 
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INDEX 


AOIDIMETBT,  433 

AcidB,  scheme  for  detection  of,  266  ff. 

Alkali  metals,  application  of.  In  analysis, 

88 
Alkalies,  determination  of,  in  silicates, 
410 

Volumetric  determination  of,  432 
Alkalimetry,  427  ff. 
Alum,  analysis  of,  401 
Aluminium,  basic  acetate,  64  ;  hydrox- 
ide, 60,  66 

Detection  of,  78 

Determination   of,    316 ;    in   organic 
substances,  503 

Reactions  of,  66 

Separation  of,  317  ff. 
Ammonia,  derivatives  of,  25 

Liberation  of,  26 

Volumetric  determination  of,  432 
Ammonium,  detection  of,  29 

Determination     as      platinichloride, 
805  ;  by  liberation,  306 

Platinichloride,  18 

Salts,  decomposition  of,  26  ;  volatility 
of,  25 

Separation  of,  306 

Sulphide,  as  reagent,  63 

Sulphocyanate,  standardisation  of,  449 
Antimonic  acid,  reactions  of,  186 

Separation  from  antimonious  acid,  848 
Antimony,  detection  of,  194 

Determination  of,  344 

Separation  of,  346 

Trioxide,  reactions  of,  184 
Aqueous  vapour,  table  of  tension  of,  486 
Arsenic,  188 

Acid,  192 

Detection  of,  194 

Determination  of,  345 

Separation  of,  347 
Arsenious  acid,  191 

Separation  from  arsenic  acid,  348 

Volumetric  determination  of,  443 

Balance,  requisites  in,  387 


Barium,  carbonate,  37,  41 ;  as  reagent, 
60 

Chloride,  analysis  of,  399 

Chromate,  88,  42 

Detection  of,  45 

Determination  of,  309 ;  in  organic 
substances,  502 

Flame  colouration  of,  42 

Reactions  of,  41 

Separation  of,  311 
Beryllium,  119 
Bismuth^  basic  salts  of,  153 

Detection  of,  155 

Determination  of,  338 

Reactions  of,  153 

Separation  of,  340 
Blowpipe,  281  ff. 
Bone  ash,  analysis  of,  406 
Borax  bead,  70,  282 
Boric  acid,  detection,  117 

Determination,  373 

Flame  colouration  of,  253 
Brass,  analysis  of,  404  ;  by  electrolysis, 

413 
Bromine,  223 

Detection  of,  229 

Determination  of,  355 ;  in  organic 
substances,  496 

Separation  of,  355 
Bronze,  analysis  of,  405 
Bunsen's  burner,  15,  284 

Temperature  of,  19 
Burettes,  use  of,  422 

Cadmium,  detection  of,  155 

Determination  of,  336 

Reactions  of,  149 

Separation  of,  341 
Ceesium,  reactions  of,  31 
Calcium  carbonate,  45 

Cliloride  tubes,  construction  of,  460 

Detection  of,  45 

Determination  of,  as  sulphate,  309  ; 
as  oxalate,  310 ;  in  organic  sub- 
stances, 503 
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Calcium  carbonate,flaine  colouration  of,  45 

Reactions  of,  44 

Separation  of,  311 

Sulphate,  38,  44 
Carbon,    determination    of,   in    organic 
substances,  455  ff. ;  by  Marchand's 
method,  478  ;  by  Eopfer's  method, 
480  ;  in  presence  of  nitrogen,  476 

Monoxide,  262 
Carbonic  acid,  detection  of,  263 

Determination  of,  378  ff. 
Camallite,  analysis  of,  406 
Cerium,  121 
Chloric  acid,  detection  of,  231 

Determination  of^  358 
Chlorimetry,  444 
Chlorine,  221 

Detection  of,  229 

Determination  of,  354 ;  in  organic 
substances,  496 

Separation  of,  355 
Chromic  acid,  detection  of,  78 

Reactions  of,  73 

Reduction  of,  74 
Chromium,  behaviour  with  borax  bead, 
70 

Detection  of,  78 

Determination  of,  316  ;  in  chromic 
acid,  317  ;  in  organic  substances, 
603 

Hydroxide,  60 

Oxidation  to  chromic  acid,  71 

Salts  of,  68 

Separation,  317  ff. 
Cobalt,  103 

Detection  of,  105 

Determination  of,  329 

Double  cyanides  of,  97 

Hydroxides,  96 

Nitrites,  100 

Reactions  of,  103 

Separation,  330 

Sulphide,  95 
Cobaltamine  compounds,  101 
Combustion  furnace,  458 

,,        tubes,  457 
Copper,  145 

Ammonia  compounds  of,  148 

Detection  of,  155 

Determination  of,  335  ;  in  organic 
substances,  503 

Hugs,  preparation  of,  477 

Reactions  of,  147 

Separation  of,  341 

Sulphate,  analysis  of,  401 

Sulphide,  130  ff. 
Cupric  oxide,  combustions  with,  467 

Preparation  for  combustions,  455 

Dbcantation,  35,  395 

Detection  of  metals,  scheme  for,  210 


Determinations,  indirect,   formulae  for, 

307 
Drying  apparatus,  construction  of,  469 

Equivalbnt  solutions,  13 
Evaporation,  16,  890 

Feldspar,  analysis  of,  409 
Ferric  ferrocyanide,  77 

Hydroxide,  60,  76 

Salts,  reactions  of,  75 
Ferrous  ferricyanide,  85 

Ferrocyanide,  85 

Salts,  reactions  of,  85 

Sulphide,  81 
Filters,  combustion  of^  395 

Preparation  of  quantitative,  397 
FUtration,  35,  892 
Flame  reactions,  Bunsen's,  283 
Fluorine,  detection,  233 

Determination,  369 
Formulae,  calculation  of  chemical,  302 
Fusion,  operation  of,  391 

GALLiuaf,  128 

German   silver,   analysis    of,    405  ;    by 

electrolysis,  414 
Germanium,  199 
Gold,  205 

Detection  of,  208 

Determination   of,   351  ;    in    organic 

substances,  604 
Reactions  of  auric,  206 
Separation  of,  353 
Gravimetric     analysis,     calculation     of 

results  in,  299 
Gray  copper,  analysis  of,  411 

Haloqexs,  determination  in  oiganic  sub- 
stances, 496 
Hydriodic  acid,  225 
Hydrobromic  acid,  224 
Hydrochloric  acid,  221 
Hydrocyanic  acid,  reactions  of,  243 
Determination  of^  364 
Volumetric  detennination  of,  449 
Hydrofluoric  acid,  detection  of,  233 
Hydrofluosilicic  acid,  detection  of,  236 

Determination  of,  360 
Hydrogen,  determination  in  organic  sub- 
stances,   467    ff. ;    by    Marchand's 
method,  478  ;  by  Eopfer's  method, 
480  ;  in  presence  of  nitrogen,  476 
Peroxide,  266 

Sulphide,  reactions  of^  238 ;  volumetric 
determination  of,  443 
Hygroscopic  water,   removal  from  sub- 
stance for  analysis,  386 
Hypochlorous  acid,  detection  of,  230 

Determination  of,  358 
Hyx)opho8phoric  acid,  262 
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Hypophosphorous  acid,  detection  of,  252 
Determination,  372 

Incbubtations,  table  of,  286 

Indicators,  418 

Indigo  prism,  21 

Indium,  128 

Iodic  acid,  determination  of,  359 

Reactions  of,  282 
Iodine,  detection  of,  229 

Determination  of,  355 ;  in  organic 
compounds,  496 

Separation  of,  856 

Volumetric  estimation  of,  441 
Iridium,  209 
Iron,  84 

Detection  of  ferric,  78  ;  of  ferrous,  92 

Determination,  316  ;  in  silicates,  408  ; 
in  organic  substances,  503;  of  ferroiis, 
823 

Separation  of^  317  ;  of  ferrous  from 
ferric,  325,  439 

Volumetric  estimation  of,  435  ff. 

Wire,  analysis  of^  400 

Lanthanum,  121 

Lead  chromate,  combustion  with,  474  ; 
preparation  of,  456 

Detection  of,  155 

Determination  of,  337  ;  in  organic 
substances,  503 

Reactions  of,  150 

Separation  of,  340 

Sulphate,  137 
Lithium,  reactions  of,  32 
Litmus  paper,  1 1 

Tincture,  preparation  of,  428 

Magnesia  mixture,  preparation  of,  369 
Magnesium,  ammonium  phosphate,  50 

Detection  of,  51 

Determination  of,  312 ;  in  organic 
substances,  503 

Hydroxide,  48 

Reactions  o^  48 

Separation  of,  313 
Manganese,  detection  of,  92 

Determination  of,  322 

Reactions  of,  88 

Separation  of,  324 
Marble,  analysis  of,  403 
Marsh's  apparatus,  197 
Measuring  flasks,  419' 
Mercury,  detection  of,  155 

Determination  of,  334 ;  in  organic 
substances,  504 

Reactions  of  mercuric,  144  ;  of 
mercurous,  142 

Separation  of,  339 
Metals,  classification  of  the,  9 

Scheme  for  the  detection  of,  210 


Metaphosphoric  acid,  251 
Minerals,  pulverisation  of,  385 
Molybdenum,  201 

XlCKEL,  101 

Ammonia  compounds,  102 

Cyanide,  97 

Detection  of^  105 

Determination  of,  328 

Hydroxides,  96,  102 

Reactions  of,  101 

Separation  of,  330 
Niobium,  125 
Nitric  acid,  determination  of,  365  ff. 

Reactions  of,  247 

Volumetric  determination,  440 
Nitrogen,  determination  in  organic  sub- 
stances, 482 

From  the  volume,  483 

By  conversion  to  ammonia,  489 

By  Ejeldahl's  method,  493 
Nitrous  acid,  determination  of,  368 

Reactions  of,  249 

Organic  acids,  volumetric  determination 

of;  434 
Organic  analysis,  calculation  of  results  in, 

466 
Weighing  of  substance  in,  463 
Osmiridium,  analysis  of,  162 
Osmium,  160 
Oxygen,  detection  of,  264 
For  organic  combustions,  preparation 

of,  459 

Palladium,  158 
Phenolpthalein  as  indicator,  433 
Phosphates,  108 

Detection  of,  114 

Reactions  of,  110,  250 
Phosphoric  acid,  detection  of,  108,  250 

Determination  of,  368  ff. 

Separation  of,  372 
Phosphorous  acid,  detection  of,  251 

Determination  of;  372 
Phosphorus,    determination    in    organic 

substances,  499 
Pipettes,  use  of,  421 
Platinum,  detection  of,  208 

Determination    of,    352 ;    in  organic 
substances,  504 

Dishes,  preservation  of,  391,  397 

Ores,  analysis  of,  161 

Reactions  of,  207 

Separation  of,  353 
Potash  bulbs,  forms  and  use  of,  462 
Potassium,  acid  tartrate,  14 

Detection  o^  30 

Determination    of,    304 ;    in  organic 
substances,  502 

Flame  colouration  of,  23 
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Potassium  permanganate,  preparation  of 
standard  solution  of,  43C 

Platinichloride,  18 

Reactions  of,  22 

Separation  of,  306 

Sodium  carbonate,  analysis  o^  403 
Precipitation,  85,  391 
Pyrites,  analysis  of,  410 
Pyrophosphoric  acid,  251 

Rhodium,  159 
Rubidium,  31 
Ruthenium,  160 

Selenium,  202 

Silica,    determination  of,    in    minerals, 
373  ff. 

Detection  of,  117 

Reactions  of,  256 

Separation  from  other  acids,  377 
Silicates,  qualitative  analysis  of,  259 

Quantitative  analysis  of,  407  ff. 
Silicon  fluoride,  as  test  for  fluorine,  234  ; 

as  test  for  silicon,  259 
Silver,  ammonia  compounds  of,  138 

Coin,  analysis  of,  404 

Chloride,  134,  139 

Detection  of,  155 

Determination   or,    332  ;    in  organic 
substances,  504 

Reactions  of,  139 

Separation  of,  339 

Solutions,    standardisation    of,    447, 
450 

Volumetric  estimation  of,  449 
Sodium  acid  x^hosphate,  analysis  of,  402 

Chloride  solution,  standardisation  of, 
451 

Detection  of,  30 

Determination    of^    304 ;    in   organic 
substances,  502 

Flame  colouration  by,  25 

Pyroantinionate,  23 

Reactions  of,  23 

Separation  of,  306 

Thiosulphate  solution,  standardisation 
of,  442 
Solder,  analysis  of,  405 
Solubilities,  table  of,  268 
Solutions,  preparation  of  standard,  417, 

425 
Spectra,  absorption,  293 

Flame,  290 

Phosphorescence,  293 


Spectra,  spark,  291 

Spectroscope,  construction  of^  288 

Spectrum,  reversal  of,  289 

Stannous  chloride,  as  volumetric  reagent, 

444 
Strontium,  detection  of,  45 

Determination  of,  309 

Reactions  of,  42 

Separation  of,  311 
Sulphur,  determination  of,  in  sulphides, 

360  ;  in  organic  substances,  499 
Sulphuric  acid,  detection  of,  241 

Determination  of,  362 

Separation  of,  363 
Sulphurous  acid,  detection  of,  241 

Determination  of^  363  ;  by  iodometry, 
443 

Tantalum,  125 

Tellurium,  203 

Thallium,  129 

Thionic  acids,  determination  of,  363 

Reactions  of,  242 
Thio-salts,  constitution  of,  170 
Tin,  detection  of,  194 

Determination  of,  843 

Reactions  of  stannic,  180  ;  of  stannous, 
178 

Separation  of,  347  ;   of  stannic  from 
stannous,  348 
Titanium,  124 
Tungsten,  201 


Uranium,  126 

Vanadium,  200 
Volumetric     analysis, 
results  in,  426 
Theory  of,  415 


calculation     of 


Water,  detection  of,  265 

Determination  of,  381 
Weighing,  operation  of,  387 

Yttrium,  120 

ZiNO,  detection  of,  92 

Determination  of,  322  ff.  ;  in  organic 
substances,  503 

Reactions  of,  91 

Sulphide,  82 

Separation  of,  324 
Zirconium,  123 
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